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ATTORNEY'S DOCKET NUMBER 

SPM-339eA 



and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 
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Our Reference: SPM-339-A PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Meinhard Knoll 

Serial Nxmiber: Concurrent 

Filing Date: Concurrent 

Examiner/Art Group Unit: Unknown/Unknown 

Title: UNIVERSAL TRANSDUCER 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

If any charges or fees must be paid in connection with the following 
communication, they may be paid out of our Deposit Accovmt No. 25-01 15. 

Prior to initial examination, please amend the above-identified patent 
application as indicated below. 

In the specification: 

Please enter the enclosed Substitute Specification. 

In the claims: 

1 . (Amended) Universal transducer for chemo- and/or biosensor 
analysis for determining substance concentrations or substance activities in fluids 
having: 

a carrier made of at least a first and a second flat carrier layer; 
at least one opening respectively in each of the at least two carrier 

layers; 

at least one continuous cavity which is formed respectively by one 
opening in each of the at least two carrier layers and extends from a first active 
surface of the carrier over the first and second carrier layer; 



a filling which is disposed in the cavity and is contactable with the 
analyte in the region of a first active surface of the carrier, and 

at least one electrically conductive layer which is disposed at least in 
part on the surface of one of the at least two carrier layers, which surface is orientated 
away from the first active surface, in contact with the filling; 

the opening in the carrier layer which is orientated away from the first 
active surface is greater than the opening in the carrier layer which is orientated 
towards the first active surface. 



2. (Amended) Universal transducer according to claim 1, 
characterized in that the carrier has further flat carrier layers. 

3. (Amended) Universal transducer according to claim 2, 
characterized in that the further flat carrier layers have at least in part further 
openings which are continuous with at least one of the hollow spaces. 

4. (Amended) Universal transducer according to claim 3, 
characterized in that fillings are disposed in the further openings. 

5. (Amended) Universal transducer according to claim 1, 
characterized in that the at least one filling contains at least one of a substance- 
detecting membrane and gel. 

6. (Amended) Universal transducer according to claim 1 , 
characterized in that there is disposed on the surface of at least the first and the 
second carrier layers, which are orientated away from the first active surface, at least 
in part at least one electrically conductive layer respectively. 



7. (Amended) Universal transducer according to claim 1, 
characterized in that at least one of the openings is configured so as to taper conically 
towards the first active surface. 



8. (Amended) Universal transducer according to claim 1, 
characterized in that the electrically conductive layer extends at least in part tow^ards 
the lateral walls of the adjacent opening. 

9. (Amended) Universal transducer according to claim 1, 
characterized in that the first active surface in the region of the opening in the carrier 
layer adjacent to the first active surface is covered with a fiirther membrane, for 
example with a gas-permeable membrane. 

1 0. (Amended) Universal transducer according to claim 9, 
characterized in that the fiirther membrane has a thickness of 1 jam up to a few \im. 

1 1 . (Amended) Universal transducer according to claim 5, 
characterized in that the fiirflier membrane contains one of polyvinyl chloride (PVC), 
polyethylene (PE), polyoxymethylene (POM), polycarbonate (PC), 
ethylene/propylene-Cop (EPDM), polyvinylidene chloride (PVDC), polyvinyl butyral 
(PVB), cellulose acetate (CA), polypropylene (PP), polymethylmethacrylate 
(PMMA), polyamide (PA), tetrafluoroethylene/hexafluoropropylene-Cop (FEP), 
polytetrafluoroethylene (PTFE), phenol formaldehyde (PF), epoxide (EP), 
polyurethane (PUR), polyester (UP), siUcone, melamine formaldehyde (MF), urea 
formaldehyde (UF), aniline formaldehyde and capton. 

12. (Amended) Universal transducer according to claim 9, 
characterized in tiiat an electrically conductive layer is disposed between the first 
active surface and the second membrane. 

13. (Amended) Universal transducer according to claim 1, 
characterized in that the cavity on its surface, which is orientated away from the first 
active surface, is covered with an encapsulation. 



14. (Amended) Universal transducer according to claim 13, 
characterized in that the encapsidation is made of an epoxide resin. 

15. (Amended) Universal transducer according to claim 1, 
characterized in that the openings contain at least in part different fillings. 

1 6. (Amended) Universal transducer according to claim 1 , 
characterized in that a channel carrier with a flow channel and a channel covering 
thereon are disposed on the fnst active surface in such a manner that the flow channel 
is in contact with at least one opening in the carrier layer (1) in the region of the first 
active surface. 

17. (Amended) Universal transducer according to claim 16, 
characterized in that the thickness of at least one of the channel carrier and the 
channel covering is a few ^im up to a few mm, preferably some |xm. 

1 8. (Amended) Universal transducer according to claim 1 , 
characterized in that at least one of the carrier layers contains plastic materials such 
as polyvinyl chloride (PVC), polyethylene (PE), polyoxymethylene (POM), 
polycarbonate (PC), ethylene/propylene-Cop (EPDM), polyvinylidene chloride 
(PVDC), polychlorotrifluorethylene, polyvinyl butyral (PVB), cellulose acetate (CA), 
polypropylene (PP), polymethyhnethacylate (PMMA), polyamide (PA), 
tetrafluoroethylene/hexafluoropropylene-Cop (FEP), polytetrafluoroethylene (PTFE), 
phenol formaldehyde (PF), epoxide (BP), polyurethane (PUR), polyester (UP), 
silicone, melamine formaldehyde (MF), urea formaldehyde (UF), aniline 
formaldehyde, capton or others or silicon, ceramic or glass. 

19. (Amended) Universal transducer according to claim 1, 
characterized in that the thickness of at least one of the carrier layers is between some 
few [im up to a few mm, preferably some 100 ^im. 



20. (Amended) Universal transducer according to claim 1 , 
characterized in that at least one of the electrically conductive layers is made of 
metals, especially noble metals such as platinum, gold and silver or metal alloys or 
screen printmg pastes, for example based on graphite or metallic materials. 

21 . (Amended) Universal transducer according to claim 1 , 
characterized in that the thickness of at least one of the electrically conductive layers 
is 1 ^im up to some |am, 

22. (Amended) Universal transducer according to claim 5, 
characterized in that if the filUng is a membrane, the filling contains at least one of 
PVC, silicone, polyurethane and the like one if the filling is a gel, the filling contains 
at least one of gelatin and polyvinyl alcohol (PVA) or the like. 

23 . (Amended) Universal transducer according to claim 1 , 
characterized in that the filKng contains biocomponents such as at least one of 
enzymes, micro organisms and antibodies. 

24. (Amended) Universal transducer according to claim 1 , 
characterized in that the diameter of at least one of the openings of the carrier layer 
adjacent to the first active surface on the first active surface is a few \im up to a few 
mm, preferably some 10-100 |Lim. 

25 . (Amended) Universal transducer according to claim 1 , 
characterized in that the carrier has two cavities, a filling bemg disposed in each of 
the cavities, the filling of the one cavity being in contact with a first electrically 
conductive layer as reference electrode and the filUng of the second cavity being in 
contact with second or third conductive layers, which are disposed on different 
carrier layers, as the operating electrode or counter electrode which are subject to a 
current, and tihie first, second and third conductive layer forming a three electrode 
arrangement for amperometric measurements. 



26. (Amended) Universal transducer according to claim 25, 
characterized in that the cmrier has a tiiird cavity, in v^hich a filling is disposed v/hich 
is contact with a further electrically conductive layer which forms a potentiometric 
electrode and is measurable against the reference electrode. 

27. (Amended) Use of xmiversal transducers according to claim 1 , 
as at least one of reference electrode, a sensor element for potentiometric 
determination and a sensor element for amperometric determination of analyte 
concentrations or ion activities. 

28. (Amended) Use according to claim 27, for one of determining 
the concentration of at least one of dissolved carbon dioxide, oxygen, glucose and 
other metabolites and urea and for determining the pH value or other parameters. 



REMARKS 

After entry of this amendment, claims 1-28 have been amended. 

A handwritten, corrected copy of the specification is enclosed 
showing the changes which have been made to the specification as required by . 
Section 608.01(Q) and 714.20(1) of the Manual of Patent Examining Procedure. The 
Substitute Specification filed herewith has been amended to utilize idiomatic 
English, correct minor typographical and grammatical errors and to conform the 
application to current United States patent practice. The Substitute Specification 
includes no new subject matter; but does include the same changes handwritten in red 
in the attached, corrected, original specification. Entry of the Substitute Specification 
is respectfixUy requested. 

It is submitted that this Amendment has antecedent basis in the 
application as originally filed, including the specification, claims and drawings, and 
that this Amendment does not add any new subject matter to the application. 
Consideration of the application as amended is requested. 

Respectfully submitted, 

YOUNG & BASILE, P.C. 

Darlene P. Condra 

Attorney for Applicant(s) 
Registration No. 37113 
(248) 649-3333 

3001 West Big Beaver Rd., Suite 624 
Troy, Michigan 48084-3107 



Dated: December 20, 2001 
DPC/jas 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

1 . (Amended) Universal transduper for chemo- and/or biosensor analysis for 
determining substance concentrations or substance activities in fluids having: 

a carrier made of at least a first [(1)] and a second [(2)] flat carrier 

layer; 

at least one opening [(4.1 - 4.5, 5.1 - 5.5)] respectively in each of the at 
least two carrier layers [(1,2)]; 

at least one continuous cavity which is formed respectively by one 
opening [(4, 5)] in each of the at least two carrier layers and extends from a first 
active surface of the carrier over the first and second carrier layer [(1, 2)]; 

a filling [(9)] which is disposed in the cavity and is contactable with the 
analyte in the region of a first active surface [(10)] of the carrier, and 

at least one electrically conductive layer [(8 or 7)] which is disposed at 
least in part on the surface of one of the at least two carrier layers [(1, 2)], which 
surface is orientated away from the first active surface [(10)], in contact with the 
filling [(9)]; 

the opening in the carrier layer [(2)] which is orientated away from the 
first active surface [(10)] is greater than the opening in the carrier layer [(1)] which is 
orientated towards the first active surface [(10)]. 

2. (Amended) Universal transducer according to [the preceding] 
claim L [characterised] characterized in that the carrier has fijrther flat carrier layers 
[(3)]. 

3 . (Amended) Universal transducer according to [the preceding] 
claim 2, [characterised] characterized in that the fiirther flat carrier layers [(3)] have 
at least in part further openings [(6.1 - 6.5)] which are continuous with at least one of 
the hollow spaces. 



4. (Amended) Universal transducer according to [the preceding] 
claim 3, [characterised] characterized in that fillings [(9)] are disposed in the further 
openings [(6.1 - 6.5)]. 



5 . (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the at least one filling 
[(9) or fillings contain] contains at least one of a substance-detecting membrane 
[and/or] and gel. 

6. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that there is disposed on 
the surface of at least the first [(1),] and the second [(2) and/or the further (3)] carrier 
layers, which are orientated away from the first active surface [(1 0)], at least in part 
at least one electrically conductive layer [(7, 8)] respectively. 

7. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that at least one of the 
openings [(4)] is configured so as to taper conically towards the first active surface 
[(10)]. 

8. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the electrically 
conductive layer [(7, 8)] extends at least in part towards the lateral walls of the 
adjacent opening [(4, 5)]. 

9. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the first active surface 
[(10)] in the region of the opening in the carrier layer [(1)] adjacent to the first active 
surface [(10)] is covered with a further membrane [(13)], for example with a gas- 
permeable membrane. 
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1 0. (Amended) Universal transducer according to [the preceding] 
claim 9, [characterised] characterized in that the further membrane [(13)] has a 
thickness of 1 (im up to a few |im. 

1 1 . (Amended) Universal transducer according to [one of the two 
preceding claims] claim 5. [characterised] characterized in that the further membrane 
[(13)] contains one of polyvinyl chloride (PVC), polyethylene (PE), 
polyoxymethylene (POM), polycarbonate (PC), ethylene/propylene-Cop (EPDM), 
polyvinylidene chloride (PVDC), polyvinyl butyral (PVB), cellulose acetate (CA), 
polypropylene (PP), polymethylmethacrylate (PMMA), polyamide (PA), 
tetrafluoroethylene/hexafluoropropylene-Cop (FEP), polytetrafluoroethylene (PTFE), 
phenol formaldehyde (PF), epoxide (EP), polyurethane (PUR), polyester (UP), 
silicone, melamine formaldehyde (MF), urea formaldehyde (UF), aniline 
formaldehyde [or] and capton. 

12. (Amended) Universal transducer according to [one of the three 
preceding claims] claim 9 . [characterised] characterized in that an electrically 
conductive layer [(14)] is disposed between the first active surface [(10)] and the 
second membrane [(13)]. 

13. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the cavity on its 
surface, which is orientated away from the first active surface [(10)], is covered with 
an encapsulation [(11)]. 

14. (Amended) Universal transducer according to [the preceding] 
claim 13, [characterised] characterized in that the encapsulation [(1 1)] is made of an 
epoxide resin. 



15. (Amended) Universal transducer according to [one of the * 
preceding claims] claim L [characterised] characterized in that the openings contain 
at least in part different fillings [(9, 9.3, 9.3 1)]. 



1 6. (Amended) Universal transducer according to [one of the 
preceding claims] claim K [characterised] characterized in that a channel carrier 
[(18)] with a flow channel [(20)] and a channel covering [(19)] thereon are disposed 
on the first active surface [(10)] in such a manner that the flow channel [(20)] is in 
contact with at least one opening [(4. 1 - 4.3)] in the carrier layer (1) in the region of 
the first active surface [(10)]. 

17. (Amended) Universal transducer according to [the preceding] 
claim 16, [characterised] characterized in that the thickness of at least one of the 
channel carrier [(18) and/or of] and the channel covering [(19)] is a few \im up to a 
few mm, preferably some ^m. 

1 8. (Amended) Universal transducer according to [one of the 
preceding claims] claim 1 . [characterised] characterized in that at least one of the 
carrier layers [(1, 2, 3)] contains plastic materials such as polyvinyl chloride (PVC), 
polyethylene (PE), polyoxymethylene (POM), polycarbonate (PC), 
ethylene/propylene-Cop (EPDM), polyvinylidene chloride (PVDC), 
polychlorotoifluorethylene, polyvinyl butyral (PVB), cellulose acetate (CA), 
polypropylene (PP), polymethylmethacylate (PMMA), polyamide (PA), 
tetrafluoroethylene/hexafluoropropylene-Cop (FEP), polytetrafluoroefhylene (PTFE), 
phenol formaldehyde (PF), epoxide (EP), polyurethane (PUR), polyester (UP), 
silicone, melamine formaldehyde (MF), urea formaldehyde (UF), aniline 
formaldehyde, capton or others or silicon, ceramic or glass. 

19. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the thickness of at 
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least one of the carrier layers [(1 , 2, 3)] is between some few \im up to a few mm, 
preferably some 100 (xm. 

20. (Amended) Universal transducer according to [one of the 
preceding claims] claim 1. [characterised] characterized in that at least one of the 
electrically conductive layers [(7, 8)] is made of metals, especially noble metals such 
as platinum, gold and silver or metal alloys or screen printing pastes, for example 
based on graphite or metallic materials. 

2 1 . (Amended) Universal transducer according to [one of the 
preceding claims] claim 1. [ch^acterised] characterized in that the thickness of at 
least one of the electrically conductive layers [(7, 8)] is 1 |im up to some iim. 

22. (Amended) Universal transducer according to [one of the 
preceding claims] claim 5. [characterised] characterized in that if the filling [(9) as] is 
a membrane . the filling contains at least one of PVC. silicone, polyurethane and the 
like [and/or as] one if the filling is a gel [(9)], the filling contains at least one of 
gelatin [or] and polyvinyl alcohol (PVA) or the like. 

23. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the filling contains 
biocomponents such as at least one of enzymes, micro organisms [and/or] and 
antibodies. 

24. (Amended) Universal transducer according to [one of the 
preceding claims] claim K [characterised] characterized in that the diameter of at 
least one of the openings [(4.1 - 4.5)] of the carrier layer [(1)] adjacent to the first 
active surface [(10)] on the first active surface [(10)] is a few \im up to a few mm, 
preferably some 10-100 |am. 
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25. (Amended) Universal transducer according to [one of the 
preceding claims] claim L [characterised] characterized in that the carrier has two 
cavities [(4.2, 5.2, 6.2, and 4.4, 5.4, 6.4)], a filling being disposed in each of the 
cavities, the filling of the one cavity being in contact with a first electrically 
conductive layer as reference electrode and the filling of the second cavity being in 
contact with second or third conductive layers, which are disposed on different 
carrier layers, as the operating electrode or counter electrode which are subject to a 
current, and the first, second and third conductive layer forming a three electrode 
arrangement for amperometric measurements. 

26. (Amended) Universal transducer according to [the preceding 
claim] claim 25. [characterised] characterized in that the carrier has a third cavity, in 
which a filling is disposed which is contact with a fiirther electrically conductive 
layer which forms a potentiometric electrode and is measurable against the reference 
electrode. 

27. (Amended) Use of universal transducers according to [at least 
one of the preceding claims] claim L as at least one of reference electrode, [as] a 
sensor element for potentiometric determination [and/or as] and a sensor element for 
amperometric determination of analyte concentrations or ion activities. 

28. (Amended) Use according to [the preceding] claim 27, for one 
of determining the concentration of at least one of dissolved carbon dioxide, oxygen, 
glucose [and/or] and other metabolites [and/or] and urea [or] and for determining the 
pH value or other parameters. 
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BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a universal transducer and also chemo- and 

biosensors based on miniaturized universal transducers of this type. Sensors of this 
type are used for example in chemical analysis or in medical diagnosis for 
determining substance concentrations or ion, activities in fluids. 

[0002] According to the state of the art, chemo- and biosensor elements are 

produced based on carriers with metal contacts and membrane or gel materials which 
are specific for the respective analyte. On ion-selective electrodes, potential 
differences are thereby measured according to the potentiometric measuring principle 
against a reference electrode. In amperometric sensors, currents between operating 
and reference electrodes or counter electrodes are determined after application of an 
electrical voltage according to the two electrode or three electrode principle (see 
Friedrich Oehme, Chemical Sensors, Vieweg Press 1991). 

[0003] P41 15414 discloses chemo- and biosensors of this type which are 

extremely miniaturized. Cavities are thereby integrated in carriers made of 
semiconductor materials such as silicon, said cavities being covered with a metal 
fihn on their internal surface and containing the respective substance-detecting 
membrane- or gel materials. 

[0004] It is however disadvantageous in the state of the art tiiat the carriers for 

such sensors can only be provided with two different metal films, for example for 
amperometric measurements, if these metal films are structured 
photolithographically in depth on the three-dimensional surface of the cavities. Even 
when the electrically conductive film is not allowed to come into direct contact with 
the measuring medium, the internal surface of the cavity in the contact region must 
be structured photolithographically with the measuring medium in order not to apply 
any metal film in this contact region. Three-dimensionally photolithographic 



structuring methods of this type imply however a significant technological 
complexity and cost. 

[0005] A further disadvantage of this state of the art is that, with the sensor 

elements disclosed there, it has not been possible to date to operate amperometric and 
potentiometric sensor elements together on only one single carrier. For, in the case of 
the state of the art, both the amperometric and also the potentiometric sensor 
elements are in contact with the same measuring medium and the electrical currents 
of the amperometric sensors flow over the interface between the membrane and the 
measuring medium. The potential measurements of the adjacent potentiometric 
sensors are thereby disturbed, 

p 

Cl SUMMARY OF THE INVENTION 

J [0006] It is therefore the object of the present invention to make available a universal 

" transducer which is simple to produce and which permits a three-dimensional 

structuring of the transducer by simple means. These universal transducers should 
furthermore be suitable in order to use amperometric and potentiometric sensors for 
determining the same fluid at the same time, 
ry [0007] According to the invention, the universal transducer has a carrier which 

comprises at least two flat carrier layers. A cavity extends by means of openings 
through these carrier layers and can be contacted on one side of the carrier with the 
analyte. The sides of the carrier layers which are orientated away from this contact 
surface are provided with electrically conductive layers or films as electrodes. The 
cavity itself is filled with a filling which can contain a substance-detecting membrane 
and/or gel, for example an ion-selective membrane. According to the invention, it is 
therefore possible with such a structure to build up the individual carrier layers and 
electrodes successively, as a result of which a three-dimensional photolithographical 
structuring can be dispensed with. Therefore a transducer can be produced for 
example without special photolithographic structuring, the electrodes of said 
transducer not coming into contact witii the measuring medium. If the transducer has 
only one electrically conductive layer, then this can be disposed on one of the carrier 
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layers which is further away from the first active surface, while the carrier layer 
which forms the first active surface has no electrically conductive layer. As a result, a 
contact between the electrically conductive layer and the measuring medium can be 
avoided in a simple manner. In total, it is possible to dispose the electrodes, in 
contrast to the state of the art, three-dimensionally in the direction of the depth of the 
universal transducer. Furthermore, it is also possible to provide a plurality of such 
cavities as universal transducers on the same carrier in order to produce for example 
a plurality of amperometric or a plurality of potentiometric sensors or even 
amperometric and potentiometric sensors for the same measuring medium at the 
m same time on the same carrier. 

^ [0008] The difference between potentiometric and amperometric sensor 

elements lies thereby simply in the locally selective application of the electrode 
layers, for example by sputtering with the help of shadow masks. 
[0009] In particular, the structure of the amperometric and potentiometric 

sensors for the most varied of analytes is effected according to a uniform principle, 
very different sensor elements being able to be produced however simultaneously. 
The carrier layers for different sensor elements differ thereby possibly only by the 
configuration of the openings in the individual carrier layers. As the electrode layers 
and also the fillings can be applied in a locally selective manner, for example via the 
insertion of different substance-detecting materials in the cavities in the region of the 
respective openings, a vertical structure of the individual sensor systems is possible. 
[00 1 0] In this way, universal transducers can therefore also be produced, the 

fiirther formation of which into multi-sensors with different sensor element types can 
also be decided later, 

[00 1 1 ] The carrier layers of the universal transducer according to the invention 

are advantageously made of plastic materials such as pol}^inyl fluoride, 
polyethylene, polyoxymethylene, polycarbonate, ethylene/propylene-COP, 
polyvinylidene chloride, polychlorotrifluoroethylene, polyvinyl butyral, cellulose 
acetate, polypropylene, polymethylmethacrylate, polyamide, 
tetrafluoroethylene/hexafluoropropylene-COP, polytetrafluoroethylene, phenol 
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formaldehyde, epoxide, polyurethane, polyester, silicone, melainiiie formaldehyde, 
urea formaldehyde, aniline formaldehyde, capton or tiie like or also made of silicon, 
ceramic or glass. The universal transducer according to the invention can hence be 
produced based on different production technologies, such as plastic material 
injection moulding technology, plastic material film technology, ceramics te 
chnology or even silicon technology, 

[0012] The electrically conductive layers can comprise metals, in particular 

noble metals such as platinum, gold or silver or even metal alloys or screen printing 
pastes, for example based on graphite or metallic materials. 

[0013] The fillings are produced advantageously from materials which are 

known conventionally for ion-selective membranes, such as for example, PVC, 
silicone, polyinrethane or the like. For the gel fillings there are used for example 
gelatine or poljrvinyl alcohol or the like. 

[0014] The encapsulation can advantageously comprise materials which are 

compatible with the materials of the membranes or gels, for example epoxide resins. 

[00 1 5] For the further membrane, which covers the measuring window of a 

diameter in the region of a first active surface, for example a gas-permeable 
membrane, very thin materials are used preferably, in the range of 1 jum up to a few 
micrometers, advantageously the materials polyvinyl fluoride, polyethylene, 
polyoxymethylene, polycarbonate,ethylene/propylene-COP, polyvinylidene chloride, 
polychlorotrifluoroethylene, polyvinyl butyral, cellulose acetate, polypropylene, 
polymethylmethacrylate, polyamide, tetrafluoroethylene/hexafluoropropylene- 
COP, polytetrafluoroethylene, phenol formaldehyde, epoxide, polyurethane, 
polyester, silicone, melamine formaldehyde, urea formaldehyde, silicone, aniline 
formaldehyde, capton or the like. These further membranes are glued advantageously 
on the first active surface of the first carrier layer or are poured from the liquid phase. 

[0016] The thicknesses of the individual carrier layers can be between a few 

jjm up to a few mm, preferably in the range of less than 100 jum. The apertures of the 
openings (measuring windows) in the first carrier layer in the region of the first 
active surface are likewise advantageously in the range of a few jum to a few mm. 



preferably some 10 to 100 ^m. The thicknesses of the electrically conductive layers 
which are applied as electrodes on the surfaces of the individual carrier layers, which 
surfaces are orientated away from the first active surface, are in the range of a few 

The flow channels provided in an advantageous embodiment forming 
channel carriers and channel coverings, which bring the liquid with the analyte to the 
individual measuring windows, comprise advantageously the same materials as the 
individual carrier layers. The chaimel carrier and the channel covering have thereby 
thicknesses of a few gm to a few mm, preferably some 100 /^m. 

According to the respective choice of material, the shaping of the 
carrier layers is effected by different methods. If the carrier layers axe made for 
example of silicon, then tiie production of the openings can be effected by the 
method of deep etching. Etching media such as KOH or dry etching methods are 
used hereby for example. Openings are thereby produced which can have different 
cross-sections, for example square, rectangular or round. In the case of anisotropic 
etching, openings are produced thereby in the shape of a truncated pyramid which 
taper from one side of the carrier layer to the other side of the carrier layer, for 
example in Ihe direction of the first active surface. 

When using plastic materials for tibe carrier layers, these can be 
produced by injection moulding. The openings are hereby caused by the shaping of 
the injection moulding tool. However it is also possible to xise flat carrier materials, 
for example plastic material films for the individual carrier layers, which are then 
provided with openings by cutting, boring, micro-imprinting or etching methods. 
Advantageously, laser cutting can also be used. 

The electrically conductive layers axe applied on the earner layers with 
known methods of thin layer technology by evaporation coating in the vacuum or by 
sputtering. The structuring can thereby occur in that evaporation coating or 
sputtering is produced by shadow masks. In addition, the use of photolithography is 
nevertheless possible, however for producing the transducers according to the 
invention there being no need for structuring in depth in a three-dimensional manner 



at all. It is likewise possible to produce the electrically conductive electrodes by 
means of the screen printing method or by electrolytic deposition. 
[0021] The fillings of the openings, for example made of membranes or gels, 

are advantageously introduced into the cavities by means of an automatic dispensing 
device. This method is also suitable for applying the encapsulation, which however 
can also be applied with the screen printing method. 
[0022] In order to produce the transducers according to the invention, first of 

all the carrier layers are provided with openings and then electrically conductive 
layers, are applied if necessary individually respectively. The elecMcally conductive 

1^, layers can also be applied before the production of the openings. 

y [0023] Then the carrier layers and possibly the channel carrier and the chaimel 

covering are placed one above the other and joined to each other. For the purpose of 

■y^ joining, various materials and methods are used according respectively to the 

^ material of the carrier layers and of the channel carrier or the channel covering. If the 



carrier layers and the channel carrier/channel covering are made of silicon materials, 
ni then conventional bonding methods can be used, for example anodic bonding for 

joining the individual layers. In addition, joining of the carrier layers is also possible 
5t by means of gluing techniques. When using plastic materials for the carrier layers, 

ry 

the channel carrier and the channel covering, these can likewise be glued. When 
using film materials it is again possible to join the various layers to each other as 
films by lamination, for example by hot lamination or by means of otherwise known 
sealing methods. 

[0024] According to the invention, a universal transducer is thus proposed 

which has a simple construction and enables various measuring methods 
(amperometry, potentiometry) on the same carrier and with the same measuring 
solution. This carrier is distinguished by the fact that it is structured in depth. 
Because of the layer-like structure, in which first of all individual carrier layers are 
produced, are provided with openings, possibly coated with electrically conductive 
layers or first coated and then provided with openings and then the individual carrier 
layers are disposed one above the other and are joined to each other in such a manner 



that the individual openings produce vertical continuous cavities and then these 
cavities are filled with suitable fillings, for example substance-detecting membranes 
or gels, a simple production of three-dimensionally structured universal transducers 
of this type according to the invention is possible. 

[0025] Adhesion agents, for example chrome, can be applied between the 

carrier I layers and the electrically conductive layers. Between the electrically 
conductive layers and the fillings of the openings there can be introduced further 
layers, for example anti-interference layers, for example made of cellulose acetate, 
polyurethane or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] A few examples of the present universal transducers according to tiie invention 

are described subsequently. 

There are shown 

[0027] Fig. 1 a universal transducer with a plurality of sensor 

elements; 



[0028] 


Fig. 2 


various glucose sensors; 


[0029] 


Fig. 3 


various ion-selective electrodes; 


[0030] 


Fig. 4 


various sensor elements; 


[0031] 


Fig. 5 


a CO2 sensor according to the invention; 


[0032] 


Fig. 6 


an amperometric glucose sensor with flow 



channel; and 

[0033] Fig. 7 a universal transducer with a plurality of sensor 

elements and a flow channel. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0034] In the following embodiments and Figures, the same elements are designated 

respectively with the same reference numbers. If in one described imiversal 
transducer a plurality of sensors (for example I, II, III, IV, V in Fig- 1) are described 
with the same elements with respect to type or function (for example filling 9) then 
the reference numbers for these elements which are the same in type or function are 
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assigned to the sensor elements designated respectively with Roman numerals (I - V) 
by a number after a point (for example 9.1, 9.2 9.5). 
[0035] Figure 1 shows a carrier which comprises a first carrier layer 1, a 

second carrier layer 2 and a third carrier layer 3 which are all joined together 
securely. These carrier layers 1 to 3 are configured by means of openings 4 to 6 and 
also by means of electrically conductive layers 7 and 8 such that various sensor 
elements I to V are produced in the regions of the openings. In the carrier layer ! 
there are situated openings 4 (4.1 for the sensor element I, 4.2 for the sensor element 
II etc.), in the carrier layer 2 there are situated openings 5 (5.1 - 5.5) and in the carrier 
layer 3 openings 6 (6.1 - 6.5). The openings of the carrier layers 1 to 3 are situated in 
such a manner one above the other that cavities are produced which extend over the 
three carrier layers. 

[0036] An electrically conductive film 7 was applied in part on the surface of 

the carrier layer 1 and another electrically conductive film 8 on the carrier layer 2. 
The openings 4 to 6 serve as cavities for receiving fillings 9 (membrane or gel 
materials). After introduction of the fillings 9, the cavities are sealed by means of an 
encapsulating material 11. In the opening of the first carrier layer, there is produced 
one active sensor surface 10 respectively on the external phase boimdary of the 
filling 9. 

[0037] A platinum film 7 was produced on tiie first carrier layer and a silver 

film on the carrier layer 2 as electrically conductive layers. 

[0038] On the basis of such a universal transducer, very different sensor 

elements can be produced. 

[0039] The element I represents a reference electrode for the other sensor 

elements. The silver film 8. 1 can be chloridated at its interface to the filling 9.1. For 
example KCI solution in gelatine or in polyvinyl alcohol (PVA) is introduced here 
firom above as a filling 9.1. Such an element corresponds to a conventional Ag/AgCl 
reference electrode. Such a reference electrode can be used for example together 
with an ion selective electrode (ISE). 
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[0040] Such an ion-selective electrode (ISE) is produced as sensor element 11. 

This sensor element II is constructed in the same manner as the element 1 . However, 
the cavity here in the region of the openings 4.2, 5.2 and 62 is filled with an 
ion-selective membrane is selective membrane 9.2. This ion-selective membrane is 
made for example of PVC material or silicone which in addition to a softener and 
additives also contains an ionophore as an electroactive substance. The PVC 
membrane 9.2 is in direct contact with the metal film 8.2 (Ag). If a liquid measuring . 
medium interacts with the ion-selective membrane 9.2 in the region of the measuring 
window 10.2, then a potential difference is formed in the region of the measuring 
window which can be measured against the reference electrode I which is itself in 
contact with the measuring medium in the region of the measuring window 10.1. 
[004 1 ] The element III shows anotiier potentiometric sensor element which 

can be used for determining urea. First of all an ion-selective membrane 9.3 for 
determining ammonium is introduced into the cavity in the region of the openings 
5.3 and 6.3 from the direction of the opening 4.3 of the carrier layer 1 or from the 
5 i opening 6.3 of the carrier layer 3. Such an ion-selective membrane can once again be 

produced from PVC material with a softener and additives and also with an 
ionophore for anamonivim. Next, a second membrane 9.3.1 is applied to the 
membrane 9.3 and is made for example of a PCS gel (polycarbamoyl sulfonate) 
which contains the enzyme urease as biocomponent Diiring measurement, the liquid 
measuring medium interacts with the analyte xirea in the region of the measuring 
window 10.3 with the membrane 9.3.1. The urea molecules are converted 
catal5^ically by the urease enzyme. The thereby changing ammonium concentration 
in the membrane 9.3.1 can be detected by means of the ion-selective ammonium 
membrane 9.1 Measurement is effected against the reference electrode 1. For this 
purpose, the potential of the urea sensor is measured at the silver film 8.3. The metal 
film 8.3 extends perpendicularly to the plane of the picture and lies externally fi:eely 
(12.5) analogously to the metal film 8.5 of the sensor element V. The electrical 
connection can occur here. 
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[0042] A glucose sensor is produced as sensor element IV. The cavity in the 

region of the openings 4.4, 5.4 and 6.4 is filled here with PVA which contains the 
en2yme glucose oxidase (GOD). If glucose from the measuring medium in the 
region of the measuring window 10.4 interacts with the membrane material 9.4, then 
the glucose is converted catalytically by means of the enzyme GOD. H2O2 is thereby 
produced. This H2O2 can be electrochemically converted amperometrically on the Pt 
electrode 7.4. This takes place according to the amperometric measuring principle in 
which the electrical current is measured between the Pt electrode 7.4 and the 
Ag/AgCl electrode 8.4. The measurement can be effected in the described manner 
by means of a two electrode arrangement. 
P [0043] If measurement with potentiometric sensor elements (for example 

sensor elements II and III) is intended to be effected simultaneously, then it is 
particularly advantageous because of the configuration of the universal transducer to 
implement a three electrode measurement in which the potential of the Pt operating 
electrode 7.4 is determined by means of the reference electrode I. The current of the 
sensor element IV thereby flows over the Ag/AgCl counter electrode 8.4. 
[0044] As operating and counter elecrode are disposed according to the 

invention vertically in a cavity and the reference electrode I comes into contact with 
the measuring medium above the measuring window 10.1 outwith the cavity of the 
sensor element IV, the electrical current cannot flow over the measuring window 
10.4 and over the measuring medium and hence cannot disturb the measurements at 
the potentiometric sensor elements. 
[0045] In an analogous maimer to the glucose sensor IV, a sensor element V is 

produced for determining concentrations of dissolved oxygen in the liquid measuring 
medium. The cavity in the region of the openings 4.5, 5.5 and 6.5 is filled here with 
a KCI solution or a KCI gel. The opening 4.5 in the carrier layer 1 is covered with a 
gas-permeable membrane 13. The oxygen dissolved in the liquid measuring medium 
can diffuse through the gas-permeable membrane and is converted electrochemically 
at the platinum electrode 7.5 according to the amperometric measuring principle. For 
this purpose, the electrical current between the platinum electrode 7.5 and the 
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Ag/AgCI electrode 8.5 is measured after the application of an electrical voltage of 
some 100 mV. 

[0046] Figure 2 a) shows the sensor element IV from Figiire 1 . Another 

geometry of the opening 4 in the carrier layer 1 is illustrated in Figure 2 b). Here, the 
electrically conductive film 7 extends into the region of the opening. This can be 
achieved in that the film 7 is applied after producing the opening for example by 
evaporation coating in the vacuum or by sputtering. A similar arrangement is shown 
in Figure 2 c). Here, the film 7 however does not extend into the region of the 
internal surface of the opening 4. All tiiree sensor elements are suitable for 
amperometric measurements. The fillings 9 can contain membrane or gel materials, 
according respectively to the conjBguration of the sensor element, and also the most 
varied biocomponents, as are commonly used here in biosensor analysis. These can 
be enzymes, microorganisms or antibodies. 

[0047] This arrangement of the metal films 7 on the carrier layers 1 makes it 

possible to produce transducer structures in which the films 7 extend up to the 
measuring windows 10 or not, according to the configuration of the sensor elements. 

[0048] In Figure 3, various embodiments of the transducer are illustrated, as 

are illustrated for ion-selective electrodes according to the example II of Figure 1 or 
reference electrodes according to the example I of Figure 1 . Analogously to the 
openings in the carrier layer 1 of Figure 2, the openings in this example in the carrier 
layer 2 are configured differently. Here, the electrically conductive layers 8 extend 
respectively up to the carrier layer 1 (Fig. 3 a) and b)). In Figure 3 c), the electrically 
conductive layer 8 is located only on the flat surface of the carrier layer 2. 

[0049] This arrangement of the metal films 8 on the carrier layers 2 makes it 

possible to produce transducer structures in which the films 8 have a greater or 
smaller spacing from the carrier layer 1 and from the measuring window 10 
according to the configuration of the sensor element. 

[0050] If reference electrodes are produced in accordance with the element I of 

Figure 1, then the electrically conductive layers 8 in Figures 3 a) to c) are made for 
example of a chloridated silver film. The filling 9 of the cavity in the carrier layers 1 
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to 3 is made here also of a KCl gel. It is likewise possible to configure ion-selective 
electrodes with polymer membranes based on the structures according to Figure 3. 
For this purpose, the electrically conductive layers 8 are produced for example fi*om 
silver. The fillings 9 of the cavities in the region of the openings 4, 5 and 6 are made 
in the examples according to Figure 3 a) and b) for example of PVC, silicone or other 
materials for ion-selective membranes and are provided with the necessary active 
components. 

[0051] An ion-selective electrode with an internal electrolyte is illustrated in 

Figure 3 c). First of all an ion-selective membrane 9. 1 is filled firom the top into the 
cavity in the region of the openings 4 and 5. This membrane has itself no contact 
with an electrically conductive layer. A KCl gel 9 is applied over the ion-selective 
membrane. This KCl gel 9 is in direct contact with the chloridated silver layer 8. 
[0052] In the examples according to Figure 4, additional membranes 13 are 

introduced respectively into the sensor elements. Figure 4 a) shows for example a 
glucose sensor element which is sealed with a polyurethane (PU) membrane to the 
measuring window 10. This polyurethane membrane is firmly joined to the carrier 
layer 1. The electrode layer 14 made of platinum is firmly joined to the membrane 
0 13 and the carrier layer 2. The filling 9 is made here for example of PVA with the 

enzyme GOD. The filling 9 is in direct contact with a reference electrode layer or a 
counter electrode layer 8 which is made of a chloridated silver film. 
[0053] In a similar manner to this glucose sensor according to Figure 4 a), an 

oxygen sensor element can be produced. Instead of the PU membrane 13 there 
occurs here a gas-permeable membrane made of for example Teflon or silicone. The 
filling 9 is made in this case of a KCl solution or a KCl gel 
[0054] A fiirther variant of a glucose sensor is illustrated in Figure 4 b). In 

contrast to Figure 4 a), here the platinum operating electrode 15 is located directly on 
the carrier layer 1. The membrane 13 is made here likewise of polyurethane. 
[0055] A fiarther variant of an oxygen sensor is illustrated in Figure 4 c). In 

contrast to Figiire 4 a), the platinum electrode layer 14 is located only xmder the 
carrier layer 2. 
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[0056] Based on Figures 4 a) and 4 c), sensors for measuring concentrations of 

the dissolved carbon dioxide can also be produced in liquid measuring media. Such 
sensors operate according to the Severinghaus principle. The membrane 13 is made 
here of gas-permeable material. The filling 9 is an electrolyte gel. The electrode 
layers 14 are made of iridiimi oxide which is a pH-sensitive material. 

[0057] During measurement, the carbon dioxide diffuses through the 

gas-permeable membrane 13. This changes the pH value in the electrolyte filling 9 
which can be measured by means of the pH-sensitive iridium oxide electrode 14 
against the reference electrode comprising the chloridated silver, film 8. 

[0058] A CO2 sensor is illustrated in Figure 5 as a further embodiment. A 

silver layer 8 and a chloridated silver layer 14 are applied here to the carrier layer 2. 
After production of the transducer, the cavity in the region of the openings 5 and 6 is 
filled with a pH-sensitive polymer membrane (for example made of PVC) so that, in 
conjunction with the silver layer 8, an ion-selective electrode is formed for the pH 
value. Next, the encapsulation layer 11 is applied. An internal electrolyte 16 is 
applied to the pH-sensitive membrane and is in contact both with the surface of the 
pH-sensitive membrane 9 and also with the surface of the chloridated silver layer 14. 
A gaspermeable membrane 13, which is made for example of silicone, is poured on 
the internal electrolyte layer 16. The internal electeolyte also fills the reservoir 16A. 
This extends the service-life of the sensor. 

[0059] In this manner, a sensor for measuring CO2 concentrations in aqueoixs 

media is produced according to the Severinghaus principle. During measurement, 
the carbon dioxide diffuses through the gas-permeable membrane 13. This changes 
the pH value in the electrolyte layer 16 which can be measured by means of the 
ion-selective electrode, comprising the ion-selective membrane 9 and the silver layer 
8, against the reference electrode which is made of the chloridated silver film 14. 

[0060] A sensor element according to example IV of Figure 1 is illustrated 

once again in Figure 6 as a further embodiment. In addition, a flow channel 20 is 
integrated here. For this purpose, a channel carrier 18 is applied to the carrier layer 1 
and contains recesses for the flow chaimel 20. The channel carrier 18 is closed by 
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means of a channel covering 19. In this manner, flow channels 20 can be produced 
with very small cross-sections. It is likewise possible to connect various sensor 
elements (such as are illustrated for example in Figure 1) with the s^e channel. 
[006 1 ] In suialogy to and extension of Figure 6, an embodiment is illustrated in 

Figure 7 with a through-flow channel 20. This example was derived jfrom Figure 1 . 
Instead of the sensor elements I and V, there are located here now the connections 21 
and 22 for the supply and discharge of the liquid measuring medium. The liquid 
measuring medium enters into the channel 20 which comprises the channel carrier 1 8 
and the covering 19. In this example, the element II can be a reference electrode with 
a chloridated silver electrode 8.2 which contains a filling 9.2 made of a KCl gel. 
The sensor element at the position III is, as in the example according to Figure 1, a 
urea sensor, while at position IV a glucose sensor is situated. The urea sensor III is 
^ measured against the reference electrode 11 according to the potentiometric 

P measuring method. The glucose sensor IV is measured according to the three 

electrode principle. For this purpose, the platinum electrode 7.4 is used as operating 
S electrode. The silver film 8.4 serves as a counter electrode which can be subject to a 

ry current while the reference electrode II serves for adjusting the polarisation voltage 

m 

□ of the operating electrode 7,4. 
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ABSTRACT OF THE DISCLOSURE 
[0062] The present application relates to a universal transducer and chemo- and 

biosensors based on miniaturized universal transducers of this type which are used 
for example in chemical analysis, medicinal diagnosis and the like for determining 
substance concentrations or ion activities in fluids. 
[0063] The universal transducer according to the invention has a carrier which 

comprises at least two flat carrier layers, each of the two carrier layers having at least 
one opening. These openings form a continuous cavity which extends from a first 
active surface of the carrier over the first and the second carrier layer. On the 
surfaces of at least one of the two carrier layers, which surfaces are orientated away 
from the first active surface, there is disposed at least in part one electrically 
conductive layer which is in contact with a filling of the cavity. 



(Figure 2c) 



531 



0/019166 



6^ Uc 



Universal transducer 

The present invention relates to a universal Iransducer and 
also chemo- and biosensors based onJminiaturise^5u^^6l 
transducers of this type. Sensors of this tyie are used for 
example in chemical analysis or in medicai. diagnosis for 
determining substance concentrations or ia|n activities in 
fluids. 



According to the state of the art, chcmo- 
elements are produced based on carriers with 
and membrane or gel materials which are 
respective analyte. On ion-selective electiMes, 
differences arc thereby measured 
potentiometric measuring principle agains: 
electrode. In ampcrometric sensors, 



aca)]xling 



and biosensor 
metal contacts 
Specific for the 
potential 
to the 
a reference 
between 



currents 



operating and reference electrodes or counter electrodes are 
determined after application of an electrical v altage according 
to the two electrode or three electrode principle (see Piiedrich 
Oehme, Oiemical Sensors, Viewer Press 1991 . 



sors 



P 41 15 414 discloses chemo- and. bios^s 
which are extremely ^iniaturise^T^^^'^^tifes 
integrated in carriers made of semiconductor 
as silicon, said cavities being covered with 
their internal surface and containing 
substance-^letecting membrane- or gel materisls 



a 



of tills type 
are thereby 
materials such 
metal film on 
the respective 



It is however disadvantageous in the state of Ithe art that the 
carriers for such sensors can only be pro/ided with two 



amperometric 



different metal films, for example for 
measurements , if these metal fihns are structured 
photolithographically in depth on the three-dimensional 
surfiace of the cavities. Even when the dectrioally conductive 
film is not allowed to come into direct contact with the 
measuring medium, the internal surface of tiie cavity in the 
contact r^n must be structured photolithographically with 
the measuring medium in order not to apply aiy metal film in 
this contact region. Three-dimensionally photolithographic 
structuring methods of this type imply however a significant 
technological compl^ly and cost 
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A further disadvantage of this state of the art 
sensor elements disclosed there, it has not 
date to operate amperometric and 
elements together on only one single carrier, 
of the state of the art, both the amperometric 
potentiometric sensor elements are in contact 



that, with the 
bleen possible to 
potentijjmetric sensor 
or, in the case 
and also the 
with the same 
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measuring medium and the electrical 
amperometric sensors flow over the interfa«je 
membrane and the measuring medium, 
measurements of the adjacent potentiometi^c 
thereby disturbed. 

<i3lfJlMM OP r(tt I^MW 
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It is therefore the object of the present i 
available a universal transducer which is 
and which permits a three-dimensional 
transducer by simple means. These 
should furthermore be suitable in order to 
and potentiometric sensors for determining 
the same time. 



of the 
between the 
The pot^tial 



sensors are 



inv^tion to make 
suiiple to produce 
stnicturing of the 
universal transducers 
amperometric 
the same fluid at 



[^This object is achieved by the universal transducer according 
to claim 1 and also its usages according to claim 27. 
Advantageous developments of the universal transducer 
according to the invention and of uses ac cording to the 
invention are given in the dependent claims?} 

According to the invention, the universal trtmsduc^ h^ a 
carrier which comprises at least two flat carrier layers, A 
cavity extends by means of openings throujih these canier 
layers and can be contacted on one side of :he carrier with 
the analyte. The sides of the carrier lajrers which are 
orientated away from this contact surface are provided with 
electrically conductive layers or films as e 
cavitjr itself is filled with a filling which 
substance-detecting membrane and/or gel, 
ion-selective membrane. According to the 
therefore possible with such a structure t6 build up the 
individual canier layers and electrodes successively, as a 



ectrodes. The 
can contain a 
for example an 
invention, it is 



4 



result of which a three-dimensional pWotolithographical 
structuring can be dispensed with. Therefore a transducer 
can be produced for example without special 
photolithographic structuring, the electrodes of said 



transducer not omiii^ into contact ivith 
medium. If the transducer has only 



tibie measuring 
one electrically 



conductive layer, then this can be disposed on one of the 



carrier layers which is further away from 



the first active 



=1=1 

ffs 

Q 



surface, while the carrier layer which formes the first active 
surface has no electrically conductive layer. As a result, a 
contact between the electrically conductive layer and the 
measuring medium can be avoided in a simple manner. In 
total, it is possible to dispose the electrodes, ii i contrast to the 
state of the art, l^iree-dimensionally in the direction of the 
depth of the universal transducer. Furthermore, it is also 



possible to provide a plurality of such cavit 
transducers on the same carrier in order 
example a plurality of amperometric or 
potentiometric sensors or even ampArometric and 
potentiometric sensors for the same measmjing medium at 
the same time on the same carrier. 



es as universal 
to produce for 
a plurality of 



The difference between potentiometric anc 
sensor elements lies thereby simply in the 
application of the electrode layers, for examp^ 
with the help of shadow masks. 



In particular, the structure of the 
potentiometric sensors for the most varied 
effected according to a uniform principle, very 
elements being able to be produced however 
The carrier layers for different sensor elementk 



amperometric 
ocally selective 
by sputtering 



amFerometric 



and 

of analytes is 
lifferent sensor 
simultaneously, 
diifer thereby 



possibly only by the configuration of the openings in the 
individual carrier l£^y^. As the electrode layers and also the 
fillings can be applied in a loca% selective manner, for 
example via the insertion of different sulistance-detecting 
materials in the cavities in the region o' the respective 



openings, a vertical structure of the individua 1 
is possible. 



In this way, universal transducers can 
product, the further formation of which 
with different sensor element types can al90 



tlerefore 



sensor systems 



also be 
into multi-sensors 
decided later. 



bj 



The carrier layers of the univeraal transduce according to the 
invention are advantageously made of plastic materials such 
as polyvinyl fluoride, polyethylene, polyo^gmiethylene, 
IK>lycarbonate, ethylene/propylene-COP, polyvinylidene 
chloride, polychlorotrifluoroethylene, polyvinyl butyral, 
cellulose acetate, polypropylene, poJjrmetnylmethaciylate, 
pol^yamide, tetraffuoroethylene/h^afluoro propylene-COP, 
polyt^trafluoroethylene, phenol formaldebyde, epoxide, 



polyurethane, popster, silicone, melamine 



formaldehyde. 



urea formaldehyde, aniline formaldehyde, cafiton or the like 
or also made of silicon, ceramic or g\Bss. The universal 
transducer according to the invention can hence be piwluced 
based on different production technologies, SiUch as plastic 
material injection moulding technology, plastic material film 
technology, ceramics technolc^ or even silicon technolc^. 

The clectricalfy conductive layers can compiise metals, in 
particular noble metals such as platinum, g(>ld or silver or 
even metal alloys or screen printing pastes, for example based 
on graphite or metallic materials. 



The fiHings are produced advantageously from materials 
which are known conventionally for ion-selec ive membranes, 
such as for example, PVC> silicone, pofyurett^me or the like. 
For the gel fillings thore are used for esaqiple gelatine or 
poib^yl alcohol or the like. 



compnse 



The encapsulation can advantageously 
which are compatible with the materials of tti^ 
gels, for example epoxide resins. 



materials 
membranes or 



For the further monbrane^ which covers the measuring 
window of a duoneter in the region of a first ac tive surface, for 
example a gas-permeable membrane, very thin materials are 
used preferably, in the range of 1 tim up to a few 
micrometers, advantageously the materials polyvinyl fluoride, 
polyethylene, polyoaymethylene, polycarbonate, 

ethylene/propylene-COP, potyvinylidene chloride, 
polychlorotrifluoroethylene, polyvinyl butyral, cellulose 
acetate, polypropylene, polymethylmethactylsLte, potyamide, 
tetrafluoroethylene/h<»EalIu(xropropylene-COP, 
polytetrafluoroethyiene, phenol formaldehjrde, epoxide, 
polyurethane, polyester, silicone, melamine 
urea formaldehyde, silicone, aniline formaldehyde, capton or 
the like. These further membranes are ^ued advantageously 
on the first active surface of the first caitiejr layer or are 
poured from the liquid phase. 



The thicknesses of the individual carrier is^rs can be 
between a few jim up to a few mm, preferably in the range of 
less than 100 (im. The apertures of the openings (measuring 
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3 
* - 
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windows) in the first carrier layer in the re gion of the first 
active surface are likewise advantageously iri 
few |im to a few mm, preferab^ some 10 to 
thicknesses of the dectrically conductive Ic yers which aie 
applied as electrodes on the surfaces of the ijidividual carrier 
layens, which surfaces are (»ientated away 
active surface, are in the range of a few nm. 



The flow channels provided in an advanl^ecus 
forming channel carriers and channel coverings, 
the liquid with the analyte to the individual 
windows, comprise advantageously the same 
individual carrier layers. The channel 
channel covering have thereby thicknesses 
few mm, preferably some 100 pm. 



embodiment 
I, which bring 
meELsuring 
inaterials as the 
carrier and the 
01 a few (im to a 



methods. 



silicon 



According to the respc^^tive choice of material, 
the carrier layers is effected by difiFcrent 
carrier layers are made for example of 
production of the openings can be effected bj 
deep etching. Etching media such as KOH 
methods are used hereby for example. Opem|igs 
produced which can have different 
example square, rectangular or round, 
anisotropic etching, openings are produced 
shape of a truncated pyramid which taper 
the carrier layer to the other side of the 
example in the direction of the first active surface 



When using plastic materials for the carrier 
be produced by injection moulding. The 



the range of a 
100 Mm. The 



ftom the first 



the shaping of 
If the 
then the 
the method of 
or dry etching 
are thereby 
for 

the case of 
thereby in the 
one side of 
layer, for 



cross-sections. 



frrni 



csmer 



lajjrers, 



openings 



, these can 
are hereby 
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caused by the shaping of the injection 
However it is also possible to use flat carrier 
example plastic material films for the individual 
which are then provided with openings by 
micro-imprinting or etching methods. Advaxltageo 
cutting can also be used. 



moulding tool, 
materials, for 
carrier layers, 
cutting, boring, 
usty, laser 



The electrically conductive layers are applied on the carrier 
layers with known methods of thin layer technology by 
evaporation oiating in the vacuum or by sputtering. The 
structuring can thereby occur in that evaporation coating or 
sputtering is produced by shadow masks. 1 n addition, the 
use of photolitht^raphy is nevertheless possi^ de, however for 
producing the transducers according to the invention there 
being no need for structuring in depth in a th-ee-dimensional 
manner at all. It is Hkewise possible to produce the 
electrically conductive electrodes by means 
printing method or by electrolytic deposition. 



The fillijags of the openings, for ^sample made of membranes 



or gels, are advantageously introduced into 



of the screen 



the cavities by 



means of an automatic dispensing device. This method is 
also suitable for applying the encapsulation, which however 
can also be applied with the screen printing method. 



In order to produce the transducers accjaiding 
invention, first of all the carrier layers are 
openings and then electricalfy conductive layers 
necessary individuaJfy respectively. Tlie 
conductive layers can also be applied before the 
the openings. 



to the 
provided with 
are applied if 
electrically 
production of 
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chanziel 



and 



Then the carrier layers and possibly the 
the channel covering are placed one above 
joined to each other. For the purpose of 
materials and methods are used am)rding 
material of the carrier layers and of the 
channel covering. If the carrier layers 
carrier/channel covering are made of silicon 
conventional bonding methods can be 
anodic bonding for joining the individual 
joining of the carrier layers is also possible by 
techniques. When using plastic materials 
layers, the channel carrier and the channel 
can likewise be glued. When using film 
possible to join the various lay^ to each 
lamination, for example by hot lamination 
otherwise known sealing methods. 



used 
layers 



According to the invention, a universal tran sducer is thus 
proposed which has a simple constructio:i and enables 
various measuring methods (amperometiy, pc tentiometiy) on 
the same carrier and with the same measuring; solution. This 
carrier is distinguished by the fact that it in structuKid in 
depth. Because of the layer-like structure, in which first of all 
individual carrier layers are produced, are 
openings, possibly coated with electrically conductive layers 
or first coated and then provided with openings and then the 
individual carrier layers are disposed one above the other and 
are joined to each other in such a manner that the individual 
openings produce vertical continuous cavities 
cavities are filled with suitable fillings, for exadiple substance- 
detecting membranes or gels, a simple production of three- 



channel carrier and 
the other and 
joining, various 
rejspectively to the 
carrier or the 
the channel 
materials, then 
, for example 
In addition, 
means of gluing 
£or the carrier 
covering, these 
materials it is again 
as films by 
lo^ means of 



ollher 
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dimensionally structured universal transducjers of this type 
according to the invention is possible. 

Adhesion agents* for ^cample chinme, can be applied between 
the carrier layers and the electricallty conductive layers. 
Between the electricaUiy conductive legrers ax d the fillings of 
the openings there can be introduced fiiriicr layers, for 
example anti-interference layers, for example made of 
cellulose acetate, polyurethane or the like. 

A few examples of the present universal transducers 
according to the invention are described subsequently. 

There are shown 



Fig. 1 



Fig. 2 



Fig. 3 



Pig. 4 



Fig. 5 



Pig. 6 



a universal transduce with a pli^ily of sensor 
elements; 

various glucose sensors; 



various ion-selective electrodes; 



various sensor elements; 



a CO3 sensor aax>rding to the inve ition; 



an amperometric glucose 
channel; and 



sensor with flow 



Fig. 7 



a universal transducer with a plumily of sensor 
elements and a flow channel. 



In the following embodiments and Figures, th ; same elements 
are designated respecthrefy with the same reference numbers. 
If in one described universal transducer a plurality of srasors 
(for escample I, II, III, IV, V in Rg. I) are dcJ scribed with the 
same elements with respect to type or fiinction (for example 
filling 9) then the reference numbers for these j elements which 
are the same in type or function are assigncjd to the sensor 



elements designated respectively with Roman 
by a number after a point (for example 9. 1,9.^; 



numerals (I - V) 



Figure 1 shows a carrier which comprises a first carrier l^rer 
1, a second carrier layer 2 and a third carrier layer 3 which 
are all joined together securely. These carridr layers 1 to 3 
are configured by means of openings 4 to 6 and also by 
means of elcctriadly conductive layers 7 azid 8 such that 
various ^nsor elements I to V are produced in the regions of 
the openings. In the carrier layer X there are situated 
openings 4 (4.1 for the sensor element I, 4.2 for the sensor 
element II etc.), in the carrier layer 2 there are situated 
openix^s 5 (5.1 - 5.5} and in the carrier laye r 3 openings 6 
(6.1 - 6.5). The openings of the carrier layers 1 to 3 are 
situated in such a manner one above the oth ir t^at cavities 
are produced which extend over the three carrit t layers. 

An electrically conductive film 7 was applied in part on tlic 
surface of the carrier layer 1 and another electrically 
conductive film 8 on the carrier layer 2. The openings 4 to 6 
serve as cavities for receiving fillings 9 (membrane or gel 
materials). After introduction of the fiUings 9, the cavities are 
sealed by means of an encapsulating materijil H. In the 
opening of the first carrier layer, there is produced one active 
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s^sor surfkce 10 respective^ on the 
boundaty of the filling 9. 



external phase 



A platinum film 7 was produced on the first 
a silver film on the cazrier layer 2 as electrij:al]^ 
layers. 



cfanier l^er and 
conductive 



On the basis of such a universal transduce*, very different 
sensor elements can be produced. 

The element I represents a reference electrode for the other 
sensor elements. Hie silver film 8.1 can be diloridated at its 
inter&ce to the filling 9.1. For escample KCl solution in 
gelatine or in polyvinyl alcohol (PVA) is introduced here from 
above as a filling 9.L Such an element corresponds to a 
conventional Ag/AgCl reference electrode. Such a reference 
electrode can be used for example together 
selective electrode (ISE). 



Such an ion-selective electrode (ISB) is produced as sensor 
element II. This sensor element II is construcled in the same 
manner as the element I. However, the cav tjr here in the 
region of the openings 4.2, 5.2 and 6.2 is fiU<d with an ion- 
selective membrane 9.2. This ion-selective membrane is 
made for esEamplc of PVC material or sili<»ne which in 
addition to a softener and additives alsc contains an 
ionophore as an electroactive substance. The INC membrane 
9.2 is in direct contact with the metal film 8,2 Ug). If a liquid 
measuring medium interacts with the ion-selective membrane 



with an ion- 



9.2 in the region of the measuring window 
potential difference is formed in the region of 
window which can be measured against 



10.2, then a 
the measuring 
the reference 
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electrode I which is itself in contact with 



the measurii^ 



medium in the regi<m of the measuring window 10. 1 



The element ni shows another potentiometric 



which can be used for determining urea. Fir|st of all an ion 
selective membrane 9.3 for determining 



introduced into the cavity in the region of ttie openings 5.3 



sensor element 



ammonium is 



3 of the carrier 
layer 3. Such 



and 6.3 from the direction of the opening 4. 
layer 1 or from the opening 6.3 of the carrier 
an ion-selective membrane can once again be produced from 
FVC material with a softener and additives and also with an 
ionophore for ammonium. Next, a second meiabtane 9.3.1 is 
applied to the mc»nbraae 9.3 and is made for example of a 
PCS gel {poiycaxbamoyl sulfonate) which contains the enzyme 
urease as biocomponent. During measurement, the liquid 
measuring medium interacts with the analyle urea in the 
region of the measuring window 10.3 with lie membrane 
9.3.1. The urea molecules are converted catalytically by the 
urease enzyme. The thereby changing' ammonium 
concentration in the membrane 9.3.1 can be detected by 
means of the ion-selective ammonium membrane 9.3. 
Measurement is effected against the reference electrode 1 
For this purpose^ the potential of the urea sensctr is measured 
at the silver film 8.3. The metal fOm 
perpendicularly to the plane of the picture and 
fteefy (12.5) analogously to the metal film 8.5 
element V. The electrical connection can occur 



8.3 extends 
lies externally 
of the sensor 
here. 



A glucose sensor is produced as sensor element IV. The 
cavity in the region of the openings 4.4, 5.4 and 6.4 is filled 
here with PVA whidi cont^ns the en^rme glijicose oxidase 
(GOD). If gluco^ fix>m the measuring medium in the r^on 
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of the measuring window 10.4 interacts with the membrane 
material 9.4, then the glucose is converi;ed catal3rtically by 
means of the enayme GOD. H2O2 is thereby Iproduced. This 
H2O2 can be electrochemically converted amperometricaUy on 
the Pt electrode 7.4. This takes place aircording to the 
amperometric measuring principle in whidi the electrical 
current is measured between the Pt electro le 7.4 and the 
Ag/AgCl electrode 8.4. The measurement cah be effected in 
the described manner by means of a 
arrangement. 



If measurement with potentiometric sensor 
example sensor elements II and III) is intended 
simultaneously, then it is particularly advantageo 
of the configuration of the universal transduc :r 
a three electrode measurement in which the 
Pt operating electrode 7.4 is determined bj 
reference electrode I. The current of the 
thereby Hows over the Ag/AgCl counter 



electrode 



As operating and counter elecrode are disposed according to 
the invention vertically in a cavity and the reference electrode 
I comes into contact with the measuring medium above the 
measuring window 10.1 outwith the cavity 
element IV, the electrical current cannot 



measuring window 10.4 and over the measuring medium and 



two electrode 



elements (for 
to be effected 
lus because 
to implement 
potential of the 
means of the 
element IV 
8.4. 



sensor 



of the sensor 
flow over the 



hence cannot disturb the measurements at the 
sensor elements. I 



potentiometric 



In an analogous manner to the glucose sen^r IV, a sensor 
element V is produced for determining concentrations of 
dissolved oxygen in the liquid measuring mediim. The cavity 
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in the regjion of the openii]^s 4.5, 5.5 and 6 
with a KCl solution or a KCl gel. The 
carrier layer 1 is covered with a gas-permeabU; 
The oxygen dissolved in the liquid measuring 
diffuse through the gas-permeable 
converted electrochemically at the platim 
according to the amperometric measuring prihcipl( 
purpose, the electrical curreait between 
electrode 7.5 and the Ag/AgCl electrode 8.5 is 
the application of an electrical voltage of some 



opening 



membrane 



luni 



Figure 2 a) shows the sensor element IV from Figure 1. 
Another geometry of the opening 4 in the cjurier layer 1 is 
illustrated in Figure 2 b). Here, the electri<ally conductive 
film 7 extends into the region of the openin*. This can be 
achieved in that the film 7 is applied after producing the 
opening for example by eva^Kiration coating iii the vacuum or 
by sputtering. A similar arrangement is shown in Figure 2 c). 
Here, the film 7 however does not extend into the region of 
the internal sunEace of the opening 4. AH three sensor 
elements are suitable for amperometric measurements. The 
fillings 9 can contain membrane or gel materials, according 
respectively to the configuration of the senspr element, and 
also the most varied biocomponoits, as are 
here in biosensor analysis. These can be ^nzymes, micro- 
oi^anisms or antibodies. 



5 is filled here 
4.5 in the 
membrane 13. 
medium can 
and is 
electrode 7.5 
ie. For this 
the platinum 
measured after 
100 mV. 



This arrang^nent of the metal films 7 on thej carrier layers 1 
makes it possible to produce transducer structures in which 
the films 7 extend up to the measuring windows 10 or not, 
according to the configuration of the sensor elements. 
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In Figure 3, various embodiments of the transducer are 
illustrated, as are illustrated for ion-selective electrodes 
according to the example II of Figure 1 or reference electrodes 
according to the example I of Figure 1. Antilogously to the 
openings in the carrier layer 1 of Figure 2, he openings in 
this example in the carrier layer 2 are configired differently. 
Here, the dectrically conductive layers 8 exti^nd respectively 
up to the carrier layer 1 (Pig. 3 a) and b)). In 
electrically conductive layer 8 is located o^ly on the flat 
surface of the carrier layer 2. 



This arrangement of the metal films 8 on the 
makes it possible to produce transducer structures 
the fihns 8 have a greater or smaller spacing 
l^rer 1 and from the measuring window 10 
configuration of the sensor dement. 



carrier layera 2 
in which 
1 rom the carrier 
according to the 



If reference electrodes are produced in accor lance with the 
element I of Figure 1, then the electrically conductive layers 8 
in Figures 3 a) to cj are made for example cf a chloridated 
silver film. The filling 9 of the cavily in the carier layera 1 to 
3 is made here also of a KCl gel. It is likewise possible to 
configure ion-selective electrodes with polymer membranes 
based on the structures according to Pigurs 3. For this 
purpose, the electrical^ conducthre layers 8 ae produced for 
example from sihrer. The fillings 9 of the caviti ;s in the region 
of the openings 4, 5 and 6 are made in 
according to Figure 3 a) and b) for example of I've, silicone or 
other materials for ion-selective membranes aild are provided 
with the necessary active components. 
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An ion-selective electrode with an internal 
illustrated in Figure 3 c). First of all an 
membrane 9.1 is filled from ttie top into th^ 
region of the openings 4 and 5. This membrane 
contact with an electrically conductive layer, 
applied over the ion-selective membrane. This 
direct contact with the chloiidated silver ]ayesr U 



sensor 



men ibrane 
membrane 



In the Gsamples acccHrding to Figure 4, additional 
13 are introduced respectivcty into the 
Figure 4 a) shows for example a glucose sensoi 
is sealed with a polyurethane (PU) 
measuring window 10. This polsrurethane 
joined to the carrier layer 1, The electrode 
platinum is firmly joined to the membrane 13 
layer 2. The filling 9 is made here for example 
the enzyme GOD. The filling 9 is in direct 
reference electrode layer or a counts* electrod^ 
is made of a chloridated silver film. 



electrolyte is 
ion-selective 
cavity in the 
has itself no 
A KCl gel 9 is 
KCl gel 9 is in 



membranes 
elements, 
element which 
to the 
is firmly 
14 made of 
and the carrier 
of PVA with 
contact with a 
l^er 8 which 



layer 



In a similar manner to this glucose sensor acccirding to Figure 
4 a), an oxygen sensor element can be produced. Instead of 
the PU membrane 13 there occurs here a gas-permeable 
membrane made of for example Teflon or silicone. The filling 
9 is made in this case of a KCl solution or a KC 1 gel. 



A further variant of a glucose sensor is illustrated 
b). In contrast to Figure 4 a), here the platinum 
electrode 15 is located directly on the cairier 
membrane 13 is made here likewise 



of polyurethane 



in Figure 4 
operating 
layer 1. The 
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A further variant of an oxygen sensor is illustrated 
c). In contrast to Figure 4 aj, the platinum 
is located onljr under the carrier layer 2. 



in Figure 4 
Electrode layer 14 



Based on Figures 4 a) and 4 c), sensors i for measuring 
concentrations of the dissolved carbon dioxide can also be 
produced in liquid measuring media. Such sensors operate 
according to the Severin^aus principle. Tlie membrane 13 
is made here of gas-permeable material. The filling 9 is an 
electrolyte gel. The electrode layers 14 are made of iridium 
oxide which is a pH-sensitive material. 



diffuses 



During measurement, the carbon dionde 
gas-penn^le membrane 13. This changes 
the electrolyte fOling 9 which can be measui^d 
the pH-sensitive iridium oxide electrode 
reference electrode comprising the chloridate<! 



through the 
the pH value in 
by means of 
14 against the 
alver Stan 8. 



ope aings 



tfee 



A COa BenwT is illustrated in Figure f 
embodiment. A silver layer 8 and a chloridatejd 
are applied here to the carrier layer 2. After 
transducer, the cavity in the region of the 
fiUcd with a pH-sensitive polymer membrane 
made of PVC) so that, in conjunction with 
an ion-selective electrode is formed for the 
the encapsulation Icq^ 1 1 is applied. An 
16 is appUed to the pH-sensitive membiane 
both with the surface of the pH-sensitive 
also with the surface of the diloridated silver 
permeable membrane 13, which is made 
silicone, is poured on the internal electrolyte 



as a further 
silver layer 14 
ijroduction of the 
5 and 6 is 
(for example 
silver layer 8, 
value. Next, 
electrolyte 
is in contact 
mbmbrane 9 and 
ayer 14, A gas- 
for example of 
layer 16. The 



jH 



intsmal 



and 
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mtemal electrolyte also fills the reservoir 16A|. This extends 
the service-life of the sensor. 

In this manner, a sensor for measuring CO2 ccncentrations in 
aqueous media is produced according to th; Severinghaus 
principle. During measurement^ the carbon iioidde difitises 
through the gas-permeable membrane 13. Tliis changes the 
pH value in the clectrotyte l^er 16 which can je mrasured by 
means of the ion-selective electrode, comprising the ion 
selective membrane 9 and the silver layer 
reference electrode which is made of the d^oridatcd silver 
mm 14. 



A sensor element according to example IV 
illustrated once again in Figure 6 as a furth<^ 
In addition, a flow channel 20 is int^p^ted 
purpose, a channel carrier 18 is appUed to th(^ 
and contains recesses for the flow channel 20 
carrier 18 Is closed by means of a channel 
this manner, flow channels 20 can be prodticed 
small cross-sections. It is likewise possible 
various sensor elements (such as are illustrated 
in Figure 1) with the same channel. 



In analogy to and eictension of Figure 6, an embodiment is 
fllustrated in Figure 7 with a through-flow channel 20. This 
example was derived from Figure 1. Insteacl of the sensor 
elements I and V, there are located here now the connections 



of Figure 1 is 
embodiment, 
here. For this 
carrier Is^er 1 
The channel 
cjovering 19. In 
with very 
to connect 
for example 



of the liquid 



21 and 22 for the supply and discharge 
measuring medium. The liquid measuring biedium enters 
into the channel 20 which comprises the channel carrier 18 
and the covering 19. In this example, the element n can be a 
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reference electrode w^th a cWoridated sttv^r 
which contains a filling 9.2 made of a KCl 
element at the position III is, as in the exan4>l 
Figure 1, a urea sensor, while at position IV 
is situated. The urea sensor III is measuked 
reference electrode 11 according to the 
measuring method. The glucose sensor 
according to the three electrode principle, 
the platinum electrode 7.4 is used as 
The silver film 8.4 serves as a counter electrobe 
subject to a current while the reference electifode 
adjusting the polarisation voltage of the 



electrode 8,2 
gel. The sensor 
e according to 
glucose sensor 
against the 
potentiometric 
V is measured 
this purpose, 
electrode, 
which can be 
II serves for 
electrode 



Fbr 



operating 



opciratmg 



7.4. 



m 
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Patent Claims 

Universal transducer for chemo- and/or biosensor 
determining substance concentrations or substance 
fluids having 



analysis for 
activities in 



two 



a carrier comprising a first (1) and a 
layer, 

at least one opening (4.1 - 4.5, 5,1-5. 
of the two carrier layers (1, 2), 
at least one continuous cavity which is 
one opening (4, 5) in each of the 
extends from a first active surface of th<' 
and second carrier layer (1, 2), 
a filling (9) which is disposed in the cav 
with the analyte in the region of a first 
the carrier, and 

at least one electrically conductive layer 
at least in part on the surface of one of the 
(1, 2), which surface is orientated awaj 
surface (10), in contact with the filling (9 



decond (2) flat carrier 



5) respectively in each 



4)rmed respectively by 
carrier layers and 
carrier over the first 



Universal transducer according to the preceding 
characterised in that the carrier has further flat 



ty and is contactable 
active surface (10) of 

(8) which is disposed 
two carrier layers 
from the first active 



claim, 

carrier layers (3). 



Universal transducer according to the precedir g claim, 
characterised in that the further flat earner layers (3) have at least 
in part further openings (6.1 - 6.5) which aije continuous with at 
least one of the hollow spaces. 

Universal transducer according to the preceding claim. 
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characterised in that fillings (9) are disposed ii^ the further openings 
(6.1-6.5). 



Universal transducer according to one of the 
characterised in that the filling (9) or fillings 
detecting membrane and/or gel. 



p^ceding claims, 
contain a substance- 



Universal transducer according to one of the 
characterised in that there is disposed on the 
the second (2) and/or the further (3) 
orientated away from the first active surface ( 
least one electrically conductive layer (7, 8) resbectively 



earner 



Universal transducer according to one of the preceding claims, 
characterised in that at least one of the openings (4) is configured so 
as to taper conically towards the frst active suifeice (10). 



p: receding claims* 
(Surface of the first (1), 
layers, which are 
0), at least in part at 



Universal transducer according to one of the 
characterised in that the electrically conductii 
at least in part towards the lateral walls of thi 
5). 



P'eceding claims, 
e layer (7, 8) extends 
adjacent opening (4, 



Universal transducer according to one of the pi eceding claims, 
characterised in that the first active surface (10) in the region of the 
opening in the carrier layer (1) a4jacent to tie first active surface 



(10) is covered with a further membrane (13 
^s-permeable membrane. 



Universal transducer according to the precedir g claim, 



characterised in that the further membrane ( 
1 \im up to a few nm. 



, for example with a 



3) has a thickness of 



23 



Universal transducer according to one of the tvo preceding claims, 
characterised in that the further membrane (13) contains polyvinyl 
chloride (PVC), polyethylene (PE), poly(|)3Qmiethylene 
polycarbonate (PC), ethylene/propylene-Cop ( 
chloride (PVDC), polyvinyl butyral (PVB), c|ellulose acetate (CA), 
polypropylene (PP), polymethyhnethaciylate (PS4MA), polyamide (PA), 
tetrafluoroethylene/hexafluoropropylene-Cop (feP) , 

polytetraJlnoroethylene (PTFE), phenol formaldehyde (PF), epoxide 



(POM), 
PDM), polyvinylidene 



silicone, melamine 



(EP), polyurethane (PUR), polyester (UP), 

formaldehyde (MF), urea formaldehyde (UF), ahiline formaldehyde or 
capton. 



Universal transducer according to one of the tljiree 
characterised in that an electrically conductivt 
between the first active surface (10) and the 



second 



Universal transducer according to one of the p [^ceding claims, 
characterised in that the cavity on its surfact, which is orientated 
away finom the first active surface (10), 
encapsulation (11). 



preceding claims, 
layer (14) is disposed 
membrane (13). 



Universal transducer according to the precedir g 
characterised in that the encapsulation (11) it 
resin. 



Universal transducer according to one of the 
characterised in that the openings contain at 
fillings (9, 9.3, 9.31). 



is covered with an 



claim, 

made of an epoxide 



pfeceding claims, 
least in part diflFerent 



Universal transducer according to one of the pi eceding claims, 
characterised in that a channel carrier (18) with a flow channel (20) 
and a channel covering (19) thereon are dispobed on the first active 
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surface (10) in such a manner that the floW 
contact with at least one opening (4. 1 - 4.3) in 
the region of the first active surface (10). 



channel (20) is in 
the carrier layer (1) in 



Universal transducer according to the preceding 
characterised in that the thickness of the 
and/or of the channel covering (19) is a few 
preferably some 100 jxm. 



claim, 
channel carrier (18) 
^m up to a few mm, 



Universal transducer according to one of the preceding claims, 

i 

characterised in that at least one of the carrier layers (1, 2, 3) 
contains plastic materials such as poly^nyl chloride (PVC), 
polyethylene (PE), polyoxymethylene (POM), polycarbonate (PC), 
ethylene/propylene-Cop (EPDM), polyvinyUdcne chloride (PVDC), 
polychloro^uorethylene, polyvinyl butyral (FVB), cellulose acetate 
(CA), polypropylene (PP), polymethylm< thaciylate (PMMA), 
polyamide (PA), tetrafluoroethylene/hexailuor<»propylene-Cop (FEP), 
pofytetrafluoroethylene (PTFE), phenol forma dehyde (PF), epoxide 
(EP), polyurethane (PUR), polyester (UP), silicone, mclaminc 



formaldehyde (MF), urea formaldehyde (UF), 
capton or others or silicon, ceramic or glass. 



aniline formaldehyde, 



leg St 



Universal transducer according to one of the 
characterised in that the thickness of at 
layers (1, 2, 3) is between some few urn up to 
some 100 fim. 



preceding claims, 

one of the carrier 
a few mm, preferably 



Universal transducer according to one of the p-eceding claims, 
characterised in that at least one of the electriially conductive layers 
(7, 8) is made of metals, especially noble metfJs such as platinum. 



25 



gold and silver or metal alloys or screen printujig pastes^ for example 
based on graphite or metallic materials. 



Universal transducer according to one of the 
characterised in that the thickness of at least 
conductive layers (7, 8) is 1 pm up to some pm. 



preceding claims, 
one of the electrically 



Universal transducer according to one of the 
characterised in that the filling (9) as a 
silicone, polyurethane and the like and/or as 
polyvinyl alcohol (PVA) or the like. 



preceding claims, 
meiibrane contains PVC, 
a gel (9), gelatine or 



Universal transducer according to one of the p: 
characterised in that the filling contains 
enzymes, micro-oii^isms and/or antibodies. 



Universal transducer according to one of the 
characterised in that the diameter of at leas 
(4.1 - 4.5) of the carrier layer (1) adjacent to 
(10) on the first active surface (10) is a few 
preferably some 10 - 100 iim. 



eceding claims, 
bidcomponents such as 



pj^eceding claims, 

one of the openings 
tihe first active surface 
]xm up to a few mm, 



Universal transducer according to one of the p receding claims, 
characterised in that the carrier has two cavities (4.2, 5.2, 6.2 and 
4.4, 5.4, 6.4), a filling being disposed in each of the cavities, the 
filling of the one cavity being in contact w th a first electrically 
conductive layer as reference electrode and tfce filling of the second 
cavity being in contact with second or third coiiductive layers, which 
are disposed on difierent carrier layers, as the operating electrode or 
counter electrode which are subject to a current, and the first, 
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^3 
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second and third conductive layer formiijig a three electrode 
arrangement for amperometric measurements 



26. 



Universal transducer according to the preceding claim, 
characterised in that the carrier has a third cavity, in which a filling 
is disposed which is in contact with a further electrically conductive 
layer which forms a potentiometric electrode and is measurable 
against the reference electrode. 



27. 



as 



Use of universal transducers according to 
preceding claims as reference electrode, 
potentiometric determination and/or as 
amperometric determination of analyte 
activities- 



at least one of the 
sensor element for 
sensor element for 
cbncentrations or ion 



28. 



Use according to the preceding claim 
concentration of dissolved carbon dioxide, 
other metabolites and/or urea or for detern][inxng 
other parameters. 



for determining the 
o^gen, glucose and/or 
the pH value or 



27 



Abstract 



The present application relates to a universal transducer 
biosensors based on^oiniaturised^umversal 

medidnal 



are used for example in chemical ana]|ysis, 
like for determining substance a)ncentra.tions or ion 



The universal transducer according to the inventian has a carrier which 
comprises at least two flat carrier layers J 1, 2j ejich of the two carriM* 
layers](l, 2)^having at least one openingj(4, 5| Thcsje opcnings^4, 5)|form 
a continuous cavity which extends from a first active surface of the carrier 
over the first and the second carrier iayer|(l, 2|. 
least one of the two carrier layers|(l, 2^ which surfaces are ori^tated 
away firom the first active surl^uce^lO)^ there is difiposed at least in part 
one eJectiicalty conductive layer which is in contact with a filling of the 
cavity. 



and chemo- and 
transdubers of this type which 
diagnosis and the 
activities in fluids. 



(Figure 2c) 
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Universal transducer 

The present invention relates to a universal transducer and 
also chemo- and biosensors based on miniaturised universal 
transducers of this type. Sensors of this type are used for 
example in chemical analysis or in medical diagnosis for 
determining substance concentrations or ion activities in 
fluids. 

According to the state of the art, chemo- and biosensor 
elements are produced based on carriers with metal contacts 
and membrane or gel materials which are specific for the 
respective analyte. On ion-selective electrodes, potential 
differences are thereby measured according to the 
potentiometric measuring principle against a reference 
electrode. In amperometric sensors, currents between 



operating and reference electrodes or counter electrodes are 
determined after application of an electrical voltage according 
to the two electrode or three electrode principle (see Friedrich 
Oehme, Chemical Sensors, Vieweg Press 199 !)• 

P41 15 414 discloses chemo- and biosensors of this type 
which are extremely miniaturised. Cavities are thereby 
iQtegrated in carriers made of semiconductor materials such 
as silicon, said cavities being covered with a metal film on 
their internal surface and containing the respective 
substance-detecting membrane- or gel materials. 

It is however disadvantageous iq the state of the art that the 
carriers for such sensors can only be provided with two 
different metal fOms, for example for amperometric 
measurements , if these metal films are structured 
photolithographically in depth on the three-dimensional 
surface of the cavities. Even when the electrically conductive 
film is not allowed to come into direct contact with the 
measuring medium, the internal surface of the cavity in the 
contact region must be structured photolithographically with 
the measuring medium in order not to apply any metal film in 
this contact region. Three-dimensionally photolithographic 
structuring methods of this type imply however a significant 
technological complexity and cost. 

A further disadvantage of this state of the art is that, with the 
sensor elements disclosed there, it has not been possible to 
date to operate amperometric * and potentiometric sensor 

elements together on only one single carrier. For, in the case 
of the state of the art, both the amperometric and also the 
potentiometric sensor elements are in contact with the same 



measuring medium and the electrical currents of the 
amperometric sensors flow over the interface between the 
membrane and the measuring medium. The potential 
measurements of the adjacent potentiometric sensors are 
thereby disturbed. 

It is therefore the object of the present invention to make 
available a universal transducer which is simple to produce 
and which permits a three-dimensional structuring of the 
transducer by simple means. These universal transducers 
should furthermore be suitable in order to use amperometric 
and potentiometric sensors for determining the same fluid at 
the same time. 

This object is achieved by the universal transducer according 
to claim 1 and also its usages according to claim 27. 
Advantageous developments of the universal transducer 
according to the invention and of uses according to the 
invention are given in the dependent claims. 

According to the invention, the universal transducer has a 
carrier which comprises at least two flat carrier layers, A 
cavity extends by means of openings through these carrier 
layers and can be contacted on one side of the carrier with 
the analyte. The sides of the carrier layers which are 
orientated away from this contact surface are provided with 
electrically conductive layers or films as electrodes. The 
cavity itself is filled with a filling which can contain a 
substance-detecting membrane and/ or gel, for example an 
ion-selective membrane. According to the invention, it is 
therefore possible with such a structure to build up the 
individual carrier layers and electrodes successively, as a 



result of which a three-dimensional photolithographical 
structuring can be dispensed with. Therefore a transducer 
can be produced for example without special 
photolithographic structuring, the electrodes of said 
transducer not coming into contact with the measuring 
medium. If the transducer has only one electrically 
conductive layer, then this can be disposed on one of the 
carrier layers which is further away from the first active 
surface, while the carrier layer which forms the first active 
surface has no electrically conductive layer. As a result, a 
contact between the electrically conductive layer and the 
measuring medium can be avoided in a simple manner. In 
total, it is possible to dispose the electrodes, in contrast to the 
state of the art, three-dimensionally in the direction of the 
depth of the universal transducer. Furthermore, it is also 
possible to provide a plurality of such cavities as universal 
transducers on the same carrier in order to produce for 
example a plurality of amperometric or a plurality of 
potentiometric sensors or even amperometric and 
potentiometric sensors for the same measuring medium at 
the same time on the same carrier. 

The difference between potentiometric and amperometric 
sensor elements lies thereby simply in the locally selective 
application of the electrode layers, for example by sputtering 
with the help of shadow masks. 

In particular, the structure of the amperometric and 
potentiometric sensors for the most varied of analytes is 
effected according to a uniform principle, very different sensor 
elements being able to be produced however simultaneously. 
The carrier layers for different sensor elements differ thereby 



possibly only by the configuration of the openings in the 
individual carrier layers. As the electrode layers and also the 
fillings can be applied in a locally selective manner, for 
example via the insertion of different substance-detecting 
materials in the cavities in the region of the respective 
openings, a vertical structure of the individual sensor systems 
is possible. 

In this way, universal transducers can therefore also be 
produced, the further formation of which into multi-sensors 
with different sensor element ts^pes can also be decided later. 

The carrier layers of the universal transducer according to the 
invention are advantageously made of plastic materials such 
as polyvinyl fluoride, polyethylene, polyoxymethylene, 
polycarbonate, ethylene/ propylene-COP, pol3r^inylidene 
chloride, polychlorotrifluoroethylene, polyvinyl butyral, 
cellulose acetate, polypropylene, polymethylmethaciylate, 
polyamide, tetrafluoroethylene /liexafluoropropylene-COP, 
polytetrafluoroethylene, phenol formaldehyde, epoxide, 
polyurethane, polyester, silicone, melamine formaldehyde, 
urea formaldehyde, aniline formaldehyde, capton or the like 
or also made of silicon, ceramic or glass. The universal 
transducer according to the invention can hence be produced 
based on different production technologies, such as plastic 
material injection moulding technology, plastic material film 
technology, ceramics technology or even silicon technology. 

The electrically conductive layers can comprise metals, in 
particular noble metals such as platinum, gold or silver or 
even metal alloys or screen printing pastes, for example based 
on graphite or metallic materials. 



The fillings are produced advantageously from materials 
which are known conventionally for ion-selective membranes, 
such as for example, PVC, silicone, poljmrethane or the like. 
For the gel fillings there are used for example gelatine or 
polyvinyl alcohol or the like. 

The encapsulation can advantageously comprise materials 
which are compatible with the materials of the membranes or 
gels, for example epoxide resins. 

For the further membrane, which covers the measuring 
window of a diameter in the region of a first active surface, for 
example a gas-permeable membrane, very thin materials are 
used preferably, in the range of 1 \xm up to a few 
micrometers, advantageously the materials polyvinyl fluoride, 
polyethylene, polyoxymethylene, polycarbonate, 

ethylene/propylene-COP, polyvinylidene chloride, 

polychlorotrifluoroethylene, polyvinyl bulyral, cellulose 
acetate, polypropylene, poljrmethylmethacrylate, polyamide, 
tetrafluoroethylene / hexafluoropropylene-COP, 
polytetrafluoroethylene, phenol formaldehyde, epoxide, 
polyiirethane, polyester, silicone, melamine formaldehyde, 
urea formaldehyde, silicone, aniline formaldehyde, capton or 
the like. These further membranes are glued advantageously 
on the first active surface of the first carrier layer or axe 
poured from the liquid phase. 

The thicknesses of the individual carrier layers can be 
between a few ixm up to a few mm, preferably in the range of 
less than 100 lam. The apertures of the openings (measuring 



windows) in the first carrier layer in the region of the first 
active surface are likewise advantageously in the range of a 
few jam to a few mm, preferably some 10 to 100 iim. The 
thicknesses of the electrically conductive layers which are 
applied as electrodes on the surfaces of the individual carrier 
layers, which surfaces are orientated away from the first 
active surface, are in the range of a few \im. 

The flow channels provided in an advantageous embodiment 
forming channel carriers and channel coverings, which bring 
the liquid with the analyte to the individual measuring 
windows, comprise advantageously the same materials as the 
individual carrier layers. The channel carrier and the 
channel covering have thereby thicknesses of a few nm to a 
few mm, preferably some 100 \xm. 

According to the respective choice of material, the shaping of 
the carrier layers is effected by different methods. If the 
carrier layers are made for example of silicon, then the 
production of the openings can be effected by the method of 
deep etching. Etching media such as KOH or dry etching 
methods are used hereby for example. Openings are thereby 
produced which can have different cross-sections, for 
example square, rectangular or round. In the case of 
anisotropic etching, openings are produced thereby in the 
shape of a truncated pyramid which taper fix>m one side of 
the carrier layer to the other side of the carrier layer, for 
example in the direction of the first active surface. 

When using plastic materials for the carrier layers, these can 
be produced by injection moulding. The openings are hereby 
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caused by the shaping of the injection moulding tool. 
However it is also possible to use flat carrier materials, for 

example plastic material films for the individual carrier layers, 
which are then provided with openings by cutting, boring, 
micro-imprinting or etching methods. Advantageously, laser 
cutting can also be used. 

The electrically conductive layers are applied on the carrier 
layers with known methods of thin layer technology by 
evaporation coating in the vacuum or by sputtering. The 
structuring can thereby occur in that evaporation coating or 
sputtering is produced by shadow masks. In addition, the 
use of photolithography is nevertheless possible, however for 
producing the transducers according to the invention there 
being no need for structuring in depth in a three-dimensional 
manner at all. It is likewise possible to produce the 
electrically conductive electrodes by means of the screen 
printing method or by electrolytic deposition. 

The fillings of the openings, for example made of membranes 
or gels, are advantageously introduced into the cavities by 
means of an automatic dispensing device. This method is 
also suitable for applying the encapsulation, which however 
can also be applied with the screen printing method. 

In order to produce the transducers according to the 
invention, first of all the carrier layers are provided with 
openings and then electrically conductive layers are applied if 
necessary individually respectively. The electrically 
conductive layers can also be applied before the production of 
the openings. 



Then the carrier layers and possibly the channel carrier and 
the channel covering are placed one above the other and 
joined to each other. For the purpose of joining, various 
materials and methods are used according respectively to the 
material of the carrier layers and of the channel carrier or the 
channel covering. If the carrier layers and the channel 
carrier/channel covering are made of silicon materials, then 
conventional bonding methods can be used, for example 
anodic bonding for joining the individual layers. In addition, 
joining of the carrier layers is also possible by means of gluing 
techniques. When using plastic materials for the carrier 
layers, the channel carrier and the channel covering, these 
can likewise be glued. When using film materials it is again 
possible to join the various layers to each other as films by 
lamination, for example by hot lamination or by means of 
otherwise known sealing methods. 

According to the invention, a universal transducer is thus 
proposed which has a simple construction and enables 
various measuring methods (amperometry, potentiometiy) on 
the same carrier and with the same measuring solution. This 
carrier is distinguished by the fact that it is structured in 
depth. Because of the layer-Like structure, in which first of all 
individual carrier layers are produced, are provided with 
openings, possibly coated with electrically conductive layers 
or first coated and then provided with openings and then the 
individual carrier layers are disposed one above the other and 
are joined to each other in such a manner that the individual 
openings produce vertical continuous cavities and then these 
cavities are filled with suitable fillings, for example substance- 
detecting membranes or gels, a simple production of three- 
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dimensionally structured universal transducers of this type 
according to the invention is possible. 

Adhesion agents, for example chrome, can be applied between 
the carrier layers and the electrically conductive layers. 
Between the electrically conductive layers and the fillings of 
the openings there can be introduced further layers, for 
example anti-interference layers, for example made of 
cellulose acetate, polyiirethane or the hke. 

A few examples of the present universal transducers 
according to the invention are described subsequently. 

There are shown 

Fig. 1 a universal transducer with a plurality of sensor 

elements; 

Fig. 2 various glucose sensors; 

Fig. 3 various ion-selective electrodes; 

Fig. 4 various sensor elements; 

Fig. 5 a CO2 sensor according to the invention; 

Fig. 6 an amperometric glucose sensor with flow 
channel; and 

Fig. 7 a universal transducer with a plurality of sensor 
elements and a flow channel. 



In the following embodiments and Figures, the same elements 
are designated respectively with the same reference numbers. 
If in one described universal transducer a plurality of sensors 
(for example I, II, III, IV, V in Fig. 1) are described with the 
same elements with respect to type or function (for example 
filling 9) then the reference numbers for these elements which 
are the same in type or function are assigned to the sensor 
elements designated respectively with Roman numerals (I - V) 
by a number after a point (for example 9.1, 9.2, 9.5). 

Figure 1 shows a carrier which comprises a first carrier layer 
1, a second carrier layer 2 and a third carrier layer 3 which 
are all joined together securely. These carrier layers 1 to 3 
are configured by means of openings 4 to 6 and also by 
means of electrically conductive layers 7 and 8 such that 
various sensor elements I to V are produced in the regions of 
the openings. In the carrier layer 1 there are situated 
openings 4 (4.1 for the sensor element I, 4.2 for the sensor 
element II etc.), in the carrier layer 2 there are situated 
openings 5 (5.1 - 5.5) and in the carrier layer 3 openings 6 
(6.1 - 6.5). The openings of the carrier layers 1 to 3 are 
situated in such a manner one above the other that cavities 
are produced which extend over the three carrier layers. 

An electrically conductive film 7 was applied in part on the 
surface of the carrier layer 1 and another electrically 
conductive film 8 on the carrier layer 2. The openings 4 to 6 
serve as cavities for receiving fillings 9 (membrane or gel 
materials). After introduction of the fillings 9, the cavities are 
sealed by means of an encapsulating material 11. In the 
opening of the first carrier layer, there is produced one active 
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sensor surface 10 respectively on the external phase 
boundary of the filling 9. 

A platinum film 7 was produced on the first carrier layer and 
a silver film on the carrier layer 2 as electrically conductive 
layers. 

On the basis of such a universal transducer, very different 
sensor elements can be produced. 

The element I represents a reference electrode for the other 
sensor elements. The silver film 8.1 can be chloridated at its 
interface to the filling 9.1. For example KCl solution in 
gelatine or in polyvinyl alcohol (PVA) is introduced here from 
above as a filling 9.1. Such an element corresponds to a 
conventional Ag/AgCl reference electrode. Such a reference 
electrode can be used for example together with an ion- 
selective electrode (ISE). 

Such an ion-selective electrode (ISE) is produced as sensor 
element IL This sensor element II is constructed in the same 
manner as the element I. However, the cavity here in the 
region of the openings 4.2, 5.2 and 6.2 is filled with an ion- 
selective membrane 9.2. This ion- selective membrane is 
made for example of PVC material or silicone which in 
addition to a softener and additives also contains an 
ionophore as an electroactive substance. The PVC membrane 
9.2 is in direct contact with the metal film 8.2 (Ag). If a liquid 
measuring medium internets with the ion-selective membrane 
9.2 in the region of the measuring window 10.2, then a 
potential difference is formed in the region of the measuring 
window which can be measured against the reference 
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electrode I which is itself in contact with the measuring 
medium in the region of the measuring window 10.1. 

The element III shows another potentiometric sensor element 
which can be used for determining urea. First of all an ion- 
selective membrane 9.3 for determining ammonium is 
introduced into the cavity in the region of the openings 5.3 
and 6.3 from the direction of the opening 4.3 of the carrier 
layer 1 or from the opening 6.3 of the carrier layer 3. Such 
an ion- selective membrane can once again be produced from 
PVC material with a softener and additives and also with an 
ionophore for ammonium. Next, a second membrane 9.3.1 is 
applied to the membrane 9.3 and is made for example of a 
PCS gel (polycarbamoyl sulfonate) which contains the enzyme 
urease as biocomponent. During measurement, the liquid 
measuring medium interacts with the analyte urea in the 
region of the measuring window 10.3 with the membrane 
9.3.1. The urea molecules are converted catalytically by the 
urease enzyme. The thereby changing ammonium 
concentration in the membrane 9.3.1 can be detected by 
means of the ion-selective ammonium membrane 9.3. 
Measurement is effected against the reference electrode 1. 
For this purpose, the potential of the urea sensor is measured 
at the silver film 8.3. The metal film 8.3 extends 
perpendicularly to the plane of the picture and lies externally 
freely (12.5) analogously to the metal film 8.5 of the sensor 
element V. The electrical connection can occur here. 

A glucose sensor is produced as sensor element IV. The 
cavity in the region of the openings 4.4, 5.4 and 6.4 is filled 
here with PVA which contains the en2yme glucose oxidase 
(GOD). If glucose from the measuring medium in the region 
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of the measuring window 10.4 interacts with the membrane 
material 9.4, then the glucose is converted catalytically by 
means of the enz5rme GOD. H2O2 is thereby produced. This 
H2O2 can be electrochemically converted amperometrically on 
the Pt electrode 7.4. This takes place according to the 
amperometric measuring principle in which the electrical 
current is measured between the Pt electrode 7.4 and the 
Ag/AgCl electrode 8.4. The measurement can be effected in 
the described manner by means of a two electrode 
arrangement. 

If measurement with potentiometric sensor elements (for 
example sensor elements II and III) is intended to be effected 
simultaneously, then it is particularly advantageous because 
of the configuration of the universal transducer to implement 
a three electrode measurement in which the potential of the 
Pt operating electrode 7.4 is determined by means of the 
reference electrode L The current of the sensor element IV 
thereby flows over the Ag/AgCl counter electrode 8.4. 

As operating and counter elecrode are disposed according to 
the invention vertically in a cavity and the reference electrode 
I comes into contact with the measuring medium above the 
measuring window 10.1 outwith the cavity of the sensor 
element IV, the electrical current cannot flow over the 
measuring window 10.4 and over the measuring medium and 
hence cannot disturb the measurements at the potentiometric 
sensor elements. 

In an analogous manner to the glucose sensor IV, a sensor 
element V is produced for determining concentrations of 
dissolved oxygen in the liquid measuring medium. The cavity 
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in the region of the openings 4.5, 5.5 and 6.5 is filled here 
with a KCl solution or a KCl gel. The opening 4.5 in the 
carrier layer 1 is covered with a gas-permeable membrane 13. 
The oxygen dissolved in the liquid measuring medium can 
diffuse through the gas-permeable membrane and is 
converted electrochemically at the platinum electrode 7.5 
according to the amperometric measuring principle. For this 
purpose, the electrical current between the platinum 
electrode 7.5 and the Ag/AgCl electrode 8.5 is measured after 
the application of an electrical voltage of some 100 mV. 

Figure 2 a) shows the sensor element IV from Figure 1. 
Another geometiy of the opening 4 in the carrier layer 1 is 
illustrated in Figure 2 b). Here, the electrically conductive 
film 7 extends into the region of the opening. This can be 
achieved in that the film 7 is applied after producing the 
opening for example by evaporation coating in the vacuum or 
by sputtering. A similar arrangement is shown in Figure 2 c). 
Here, the film 7 however does not extend into the region of 
the intemal surface of the opening 4. AH three sensor 
elements are suitable for amperometric measurements. The 
fillings 9 can contain membrane or gel materials, according 
respectively to the configuration of the sensor element, and 
also the most varied biocomponents, as are commonly used 
here in biosensor analysis. These can be eruzymes, micro- 
organisms or antibodies. 

This arrangement of the metal films 7 on the carrier layers 1 
makes it possible to produce transducer structures in which 
the films 7 extend up to the measuring windows 10 or not, 
according to the configuration of the sensor elements. 
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In Figure 3, various embodiments of the transducer are 
illustrated, as are illustrated for ion-selective electrodes 
according to the example II of Figure 1 or reference electrodes 
according to the example I of Figure 1. Analogously to the 
openings in the carrier layer 1 of Figure 2, the openings in 
this example in the carrier layer 2 are configured differently. 
Here, the electrically conductive layers 8 extend respectively 
up to the carrier layer 1 (Fig. 3 a) and b)). In Figure 3 c), the 
electrically conductive layer 8 is located only on the flat 
surface of the carrier layer 2. 

This arrangement of the metal films 8 on the carrier layers 2 
makes it possible to produce transducer structures in which 
the films 8 have a greater or smaller spacing from the carrier 
layer 1 and from the measuring window 10 according to the 
configuration of the sensor element. 

If reference electrodes are produced in accordance with the 
element I of Figure 1, then the electrically conductive layers 8 
in Figures 3 a) to c) are made for example of a chloridated 
silver film. The filling 9 of the cavity in the carrier layers 1 to 
3 is made here also of a KCl gel. It is likewise possible to 
configure ion-selective electrodes with poljnner membranes 
based on the structures according to Figure 3. For this 
purpose, the electrically conductive layers 8 are produced for 
example from silver. The fillings 9 of the cavities in the region 
of the openings 4, 5 and 6 are made in the examples 
according to Figure 3 a) and b) for example of PVC, silicone or 
other materials for ion-selective membranes and are provided 
with the necessary active components. 
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An ion-selective electrode with an internal electrolyte is 
illustrated in Figure 3 c). First of all an ion-selective 
membrane 9.1 is filled from the top into the cavity in the 
region of the openings 4 and 5. This membrane has itself no 
contact with an electrically conductive layer. A KCl gel 9 is 
applied over the ion-selective membrane. This KCl gel 9 is in 
direct contact with the chloridated silver layer 8. 

In the examples according to Figure 4, additional membranes 
13 are introduced respectively into the sensor elements. 
Figure 4 a) shows for example a glucose sensor element which 
is sealed with a polyurethane (PU) membrane to the 
measuring window 10. This poljoire thane membrane is firmly 
joined to the carrier layer 1. The electrode layer 14 made of 
platinum is firmly joined to the membrane 13 and the carrier 
layer 2. The fiUing 9 is made here for example of PVA with 
the enzyme GOD. The filling 9 is in direct contact with a 
reference electrode layer or a counter electrode layer 8 which 
is made of a chloridated silver film. 

In a similar manner to this glucose sensor according to Figure 
4 a), an oxygen sensor element can be produced. Instead of 
the PU membrane 13 there occurs here a gas-permeable 
membrane made of for example Teflon or silicone. The filling 
9 is made in this case of a KCl solution or a KCl gel. 

A further variant of a glucose sensor is illustrated in Figure 4 
b). In contrast to Figure 4 a), here the platinum operating 
electrode 15 is located directly on the carrier layer 1. The 
membrane 13 is made here likewise of polyurethane. 
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A further variant of an oxygen sensor is illustrated in Figure 4 
c). In contrast to Figure 4 a), the platinum electrode layer 14 
is located only under the carrier layer 2. 

Based on Figures 4 a) and 4 c), sensors for measuring 
concentrations of the dissolved carbon dioxide can also be 
produced in liquid measuring media. Such sensors operate 
according to the Severinghaus principle. The membrane 13 
is made here of gas-permeable material. The filling 9 is an 
electrolyte gel. The electrode layers 14 are made of iridium 
oxide which is a pH-sensitive material. 

During measurement, the carbon dioxide diffuses through the 
gas-permeable membrane 13. This changes the pH value in 
the electrolyte filling 9 which can be measured by means of 
the pH-sensitive iridium oxide electrode 14 against the 
reference electrode comprising the chloridated silver film 8. 

A CO2 sensor is illustrated in Figure 5 as a farther 
embodiment. A silver layer 8 and a chloridated silver layer 14 
are applied here to the carrier layer 2. After production of the 
transducer, the cavity in the region of the openings 5 and 6 is 
filled with a pH-sensitive polymer membrane (for example 
made of PVC) so that, in conjunction with the silver layer 8, 
an ion-selective electrode is formed for the pH value. Next, 
the encapsulation layer 1 1 is applied. An intemal electrolyte 
16 is applied to the pH-sensitive membrane and is in contact 
both with the surface of the pH-sensitive membrane 9 and 
also with the surface of the chloridated silver layer 14. A gas- 
permeable membrane 13, which is made for example of 
silicone, is poured on the intemal electrol3rte layer 16. The 
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internal electrol3rte also fills the reservoir 16A. This extends 
the service-life of the sensor. 

In this manner, a sensor for measuring CO2 concentrations in 
aqueous media is produced according to the Severinghaus 
principle. During measurement, the carbon dioxide diffuses 
through the gas-permeable membrane 13. This changes the 
pH value in the electrolyte layer 16 which can be measured by 
means of the ion-selective electrode, comprising the ion- 
selective membrane 9 and the silver layer 8, against the 
reference electrode which is made of the chloridated silver 
mm 14. 

A sensor element according to example IV of Figure 1 is 
illustrated once again in Figure 6 as a further embodiment. 
In addition, a flow channel 20 is integrated here. For this 
purpose, a channel carrier 18 is applied to the carrier layer 1 
and contains recesses for the flow channel 20. The channel 
carrier 18 is closed by means of a channel covering 19. In 
this manner, flow channels 20 can be produced with very 
small cross-sections. It is Ukewise possible to connect 
various sensor elements (such as are illustrated for example 
in Figure 1) with the same channel. 

In analogy to and extension of Figure 6, an embodiment is 
illustrated in Figure 7 with a through-flow channel 20. This 
example was derived from Figure 1. Instead of the sensor 
elements I and V, there are located here now the connections 
21 and 22 for the supply and discharge of the liquid 
measuring medium. The liquid measuring medium enters 
into the channel 20 which comprises the channel carrier 18 
and the covering 19. In this example, the element II can be a 



20 



reference electrode with a chloridated silver electrode 8.2 
which contains a filling 9.2 made of a KCl gel. The sensor 
element at the position III is, as in the example according to 
Figure 1, a urea sensor, while at position IV a glucose sensor 
is situated. The urea sensor III is measured against the 
reference electrode II according to the potentiometric 
measuring method. The glucose sensor IV is measured 
according to the three electrode principle. For this purpose, 
the platinum electrode 7.4 is used as operating electrode. 
The silver film 8.4 serves as a counter electrode which can be 
subject to a current while the reference electrode II serves for 
adjusting the polarisation volt^e of the operating electrode 
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Patent Claims 

Universal transducer for chemo- and/ or biosensor analysis for 
determining substance concentrations or substance activities in 
fluids having 

a carrier comprising a first (1) and a second (2) flat carrier 
layer, 

at least one opening (4.1 - 4.5, 5.1 - 5.5) respectively in each 
of the two carrier layers (1, 2), 

at least one continuous cavity which is formed respectively by 
one opening (4, 5) in each of the two carrier layers and 
extends from a first active surface of the carrier over the first 
and second carrier layer (1,2), 

a filling (9) which is disposed in the cavity and is contactable 
with the analjrte in the region of a first active surface (10) of 
the carrier, and 

at least one electrically conductive layer (8) which is disposed 
at least in part on the surface of one of the two carrier layers 
(1, 2), which surface is orientated away from the first active 
surface (10), in contact with the filling (9). 

Universal transducer according to the preceding claim, 
characterised in that the carrier has further flat carrier layers (3). 

Universal transducer according to the preceding claim, 
characterised in that the further flat carrier layers (3) have at least 
in part further openings (6.1 - 6.5) which are continuous with at 
least one of the hollow spaces. 

Universal transducer according to the preceding claim, 
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characterised in that fillings (9) are disposed in the further openings 
(6.1-6.5). 

Universal transducer according to one of the preceding claims, 
characterised in that the filling (9) or fillings contain a substance- 
detecting membrane and/ or gel. 

Universal transducer according to one of the preceding claims, 
characterised in that there is disposed on the surface of the first (1), 
the second (2) and/ or the further (3) carrier layers, which are 
orientated away from the first active surface (10), at least in part at 
least one electrically conductive layer (7, 8) respectively. 

Universal transducer according to one of the preceding claims, 
characterised in that at least one of the openings (4) is configured so 
as to taper conically towards the frst active surface (10). 

Universal transducer according to one of the preceding claims, 
characterised in that the electrically conductive layer (7, 8) extends 
at least in part towards the lateral walls of the adjacent opening (4, 
5). 

Universal transducer according to one of the preceding claims, 
characterised in that the first active surface (10) in the region of the 
opening in the carrier layer (1) adjacent to the first active surface 
(10) is covered with a further membrane (13), for example with a 
gas-permeable membrane. 

Universal transducer according to the preceding claim, 
characterised in that the further membrane (13) has a thickness of 
1 |i.m up to a few jim. 
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Universal transducer according to one of the two preceding claims, 
characterised in that the further membrane (13) contains polyvinyl 
chloride (PVC), polyethylene (PE), polyoxymethylene (POM), 
polycarbonate (PC), ethylene/ propylene-Cop (EPDM), polyvinylidene 
chloride (PVDC), polyvinyl bulyral (PVB), cellulose acetate (CA), 
polypropylene (PP), polymethybnethacrylate (PMMA), polyamide (PA), 
tetrafluoroethylene/hexafluoropropylene-Cop (FEP), 
polyletrafluoroethylene (PTFE), phenol formaldehyde (PF), epoxide 
(EP), pol3rurethane (PUR), polyester (UP), silicone, melamine 
formaldehyde (MF), urea formaldehyde (UF), aniline formaldehyde or 
capton. 

Universal transducer according to one of the three preceding claims, 
characterised in that an electrically conductive layer (14) is disposed 
between the first active surface (10) and the second membrane (13). 

Universal transducer according to one of the preceding claims, 
characterised in that the cavity on its surface, which is orientated 
away from the first active surface (10), is covered with an 
encapsulation (11). 

Universal transducer according to the preceding claim, 
characterised in that the encapsulation (11) is made of an epoxide 
resin. 

Universal transducer according to one of the preceding claims, 
characterised in that the openings contain at least in part different 
fillings (9, 9.3, 9.31). 

Universal transducer according to one of the preceding claims, 
characterised in that a channel carrier (18) with a flow channel (20) 
and a channel covering (19) thereon are disposed on the first active 
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surface (10) in such a manner that the flow channel (20) is in 
contact with at least one opening (4. 1 - 4.3) in the carrier layer (1) in 
the region of the first active surface (10). 

17- Universal transducer according to the preceding claim, 

characterised in that the thickness of the channel carrier (18) 
and/or of the channel covering (19) is a few jxm up to a few mm, 
preferably some 100 lam. 

Universal transducer according to one of the preceding claims, 
characterised in that at least one of the carrier layers (1, 2, 3) 
contains plastic materials such as polyvinyl chloride (PVC), 
polyethylene (PE), polyoxymethylene (POM), polycarbonate (PC), 
ethylene/propylene-Cop (EPDM), pol3^nylidene chloride (PVDC), 
polychlorotrifluorethylene, polyvinyl butyral (PVB), cellulose acetate 
(CA), polypropylene (PP), potymethylmethacrylate (PMMA), 
polyamide (PA), tetraQuoroethylene/hexafluoropropylene-Cop (FEP), 
poljrtetrafluoroethylene (PTFE), phenol formaldehyde (PF), epoxide 
(EP), pol3rurethane (PUR), polyester (UP), silicone, melamine 
formaldehyde (MF), urea formaldehyde (UF), aniline foimaldehyde, 
capton or others or silicon, ceramic or glass. 

19. Universal transducer according to one of the preceding claims, 
characterised in that the thickness of at least one of the carrier 
layers (1, 2, 3) is between some few ijm up to a few mm, preferably 
some 100 [im. 

20. Universal transducer according to one of the preceding claims, 
characterised in that at least one of the electrically conductive layers 
(7, 8) is made of metals, especially noble metals such as platinum, 
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gold and silver or metal alloys or screen printing pastes, for example 
based on graphite or metallic materials. 

21. Universal transducer according to one of the preceding claims, 
characterised in that the thickness of at least one of the electrically 
conductive layers (7, 8) is 1 ixm up to some inm. 

22. Universal transducer according to one of the preceding claims, 
characterised in that the filling (9) as a membrane contains PVC, 
silicone, polyurethane and the like and/or as a gel (9), gelatine or 
polyvinyl alcohol (PVA) or the like. 



23, Universal transducer according to one of the preceding claims, 
C- characterised in that the filling contains biocomponents such as 

p enzymes, micro-organisms and/ or antibodies. 

3 

O 24. Universal transducer according to one ofthe preceding claims, 

^ characterised in that the diameter of at least one of the openings 

2 (4.1 - 4.5) of the carrier layer (1) adjacent to the first active surface 

S (10) on the first active surface (10) is a few {xm up to a few mm, 

preferably some 10 - 100 M-m. 

25. Universal transducer according to one of the preceding claims, 

characterised in that the carrier has two cavities (4.2, 5.2, 6.2 and 
4.4, 5.4, 6.4), a filling being disposed in each of the cavities, the 
filling of the one cavity being in contact with a first electrically 
conductive layer as reference electrode and the filling of the second 
cavity being in contact with second or third conductive layers, which 
are disposed on different carrier layers, as the operating electrode or 
counter electrode which are subject to a current, and the first, 
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second and third conductive layer forming a three electrode 
arrangement for amperometric measurements. 

Universal transducer according to the preceding claim, 
characterised in that the carrier has a third cavity, in which a filling 
is disposed which is in contact with a further electrically conductive 
layer which forms a potentiometric electrode and is measurable 
against the reference electrode. 

Use of universal transducers according to at least one of the 
preceding claims as reference electrode, as sensor element for 
potentiometric determination and/ or as sensor element for 
amperometric determination of analjte concentrations or ion 
activities. 

Use according to the preceding claim for determining the 
concentration of dissolved carbon dioxide, oxygen, glucose and/or 
other metabolites and/ or urea or for determining the pH value or 
other parameters. 
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Abstract 

The present application relates to a universal transducer and chemo- and 
biosensors based on miniaturised universal transducers of this lype which 
are used for example in chemical analysis, medicinal diagnosis and the 
like for determining substance concentrations or ion activities in fluids. 

The universal transducer according to the invention has a carrier which 
comprises at least two flat carrier layers (1, 2), each of the two carrier 
layers (1, 2) having at least one opening (4, 5). These openings (4, 5) form 
a continuous cavity which extends from a first active surface of the carrier 
over the first and the second carrier layer (1, 2). On the surfaces of at 
least one of the two carrier layers (1, 2), which surfaces are orientated 
away from the first active surface (10), there is disposed at least in part 
one electrically conductive layer which is in contact with a filling of the 
cavity. 



(Figure 2c) 
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